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ESSAY 

On the Inveftigation of the 

Firft Principles of Nature : 

Together with the 

Application thereof to folve the Phdenomena 

O F T H E 

physigAl system. 

PART I. 

CONTAINING 

* 

A New Philofophical Theory 

W H £ R E B T 

I" 

Firft Principles, with their Material Subftances and 
Eilences are traced and exhibited ; the Limits of 
Incrtnefs aiEgned ; the Caufes of Elafticity and. 
Tranfparcncy dilcovercd; the real Mode of Light's 
Propagation determined 5 and various other Phe- 
nomena clearly explained. The Whole fcienti- 
fically inveftigated and demonftrated 
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To THE KING. 


SIR, 


r-i-i 


X H £ homage paid by Sciences 
tribute worthy of . Kings, 
«3 and which Kings alone are worthy 

to receive. The firft ch^rajdei^ 
in hiftory have derived a gre^ 
ihare of their glory from their 
generous prote<9ion of literary 
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Merit: and if there be a nation 
recorded by fame as illuftrious 
or great, it is that where Arts 
were encouraged, and Sciences cul- 
tivate^. J*frn^it mcj^ theQ> to in- 
fcribe to Your Majefty an improve- 
ment in the moft noble of Sciences, 
— ^the Science of Nature. 


- If tllis Bflky 'SEcre capfabk of 
eaa^ORcing your renown, it would 
b*^ dtife to yom- virttnes, and joy- 
ftr% dedicated to Your feme, by 
* toyaf and ^flfeftionate Subjed. 

m 

^ Bat thoMgk your gr?atii«ft . reii- 
der You independent of the fuf- 
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frage of Literature, Literature is 

not indepe£ideiit of You. Th0 

moft valuable productions often 

iland in need of accef&ry embel- 

Ulhments : let this Work then, re- 
ceive frQm Your Majeily's Naosey 

thofe adivantages of whkh it 
would be deprived hy the obfi^ 
rity of its Author. 

The fublimity of Natural Phi- 
lofophy is fuited to the dignity of 
a King, and its tendency t6 the 
benefit of Mankind is' a recom- 
mendation, which enfures it the 
Patronage of Royalty. But if 
ever this ufefar Science could ap- 
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proach the Throne with confi- 
dence of proteaion, it is when 

m 

adorned by a Prince, Whofe exten- 
five views omit no objed condu- 
cive to the advantage of, his peo- 
ple, and Whofe ambition is, rather 
to diffufe happinefs at home, than 
to fpread devaff ation abroad. 

« 

I am, 
with all Fidelity and Devotion^ 
Your Majcfty*8 moft Dutiful, 
And Obedient Subjed, 
And Servant, 


Felix O'Gallagher. 
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OTHING is more defireablc than the 
inveftigation of firft principles, and a dif^ 
covery of the material caufcs which a<Shiate 
nature : ?ind nothing wbuld rnore con- 
duce to fuch a difcovery, than to reduce 
natural philosophy to the form of a fcicnce, 
that is, to eftablifh therein certain in^on* 
teftible principles as a ground- work for 
fubfequent ratiocination, and to lay down 
a method for extending the fciencc by 
unerring rules . aftiapted to the nature of 
the objedl propofed, and adequate to it$ 
attainment. This fcientific form was " 
long wanted to mathematics, that pattern 
of Sciences, which were at firft rather 
an affemblage of detached truths, difco- 
vered by different perfons, and indepen- 
dent of each other, than a train of pro- 
portions fucceffively emerging froQi each 
other, and all primarily founded on the 
fame univerfal and felf-evident axioms* 
Thus, Thales.^the Milefian difcovered thole 
propofitions which are now the 5th, 15th, 
and 26th of the Firft, and alfo the 
^^y 3^1 4th and 5th of the Fourth Book 
of Euclid : Pythagoras found out the 32d, 
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44th, 47th and 48th of the Firft Bdok. 
To Oenopides are afcribed the 1 2 th and 
13th, 1. I. But happily for the improve- 
ment of mathematiesi £uclid coUedled the 
dilcoveries of thefe and other geometrician* 
intoone connected fyftem/ premifing thofe 
tmiverfal truths afTumed as evident by all, 
thence deducing the more fimplc, and af- 
terwards^ by mean« of thofe, the more 
complex^^opofiticms, and reje<Sing what- 
ever was hypothetic or inconfiftent. No 
fboner had geometry been thus formed in- 
to a fcience, than it began to receive the 
joioft extenfive and noble improvements : 
witnefs thefublimeTheorems of Archimedes, 
the Gonics of AppUonius, the Subtetifes of 
Hypparchus, and the Spherics of Theo- 
doi^us. But the inconteftible certainty of 
mathematical knowledge, which admits of 
neither doubt nor difagreement throughout 
the whole learned world, and the facility 
wherewith the inventions of ages in this 
icience become now the. acquifitions of a 
few moTiths are undeniable proofs of the 
unparalleled utility of a truly fcientific 
form: in any. branch of literature. The 
neceflity of a fcientific method in the ftudy 
of phyfics is flill more apparent. For cer- 
tainly jiatural philofophy or the fludy of 
the powers of nature niuil have preceded 
amongft men, that of magnitude and di- 
raenfions, as having a more immediate and 
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general connetJlion with all the neceflkiesi 
and conveniencies of life, and being tb^e 
fource of Agriculture, Botany, MediciAe, 
&c. which from their neceffity and ndlity 
are known to have been (and naturally 
fliould be) the fir ft of all arts and fciences* 
Hence, from the earlieft Greek philofo^ 
phers, of whofe labours we have ajny ma- 
numents left, from Democritus, Thaleia, 
and Plato, down to the prefent tunes, c;x- 
periments have been ufcd to obtawb a 
knowledge of nature. This has been the 
employment of the chymifts of all ^e^ 
and at prefent engrofles the attention of ^ 
philofophers. Yet how far is natural phi* 
lofophy ftill from the certainty, iimpEcityy 
and ftability, which charadkrize matbema^, 
tics. Various fyftcms prevail in di£lfereMl: 
countries ; philofophers of the fame JAationi 
do not agree amongft themfclveaj the 
phaanomena of the fame experiments aire 
varioufly interpreted ; the fame cSk&s are 
afcribed to different caufes ; and aU ofit 
knowledge coniifts of fomc diftinft ailero* 
blages of propofitions collecSted by the mojS: 
able ftudents in different branches of phy- 
lies, from the fame phaenomena indecct, 
but on different principles of . ratiocination*, , 
From all which it is clear that phyfics have 
fcarcely, to this day, attained that degree 
of perfection, in which geometry was 
found by Euclid, when he digefted it. into- 
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fcientific order. This chiefly proceeds 
from the want of a Balis for philofophiz- 
ing like the axioms of geometry, or real 
natural ftandards admitted by all, as grounds 
of ratiocination and fixed criterions to de- 
termine the interpretation of experiments. 
As an attempt to fupply this dcfedl, we have 
fet out from the moft inconteflible of all 
principles, to wit, the exiftence of a Su-- 
preme Power and Wifdom^ and have thence 
derived axioms equally undeniable. Thefe 
again lead to propofitions, not fo imme- 
diately evident, but demonftratively true, 
and adapted (I conceive) to promote and 
attain the objedl of natural philofophy, 
which is the knowledge of the real ejfencc 
or ejfences of bodies, and of the adling 
principles of nature. Thefe axioms and 
propofitions are not, indeed, cited and 
fpecified in fubfequent reafonings with 
the precifion and minutenefs pra^ifed in 
mathematics; for that would render the 
fubjeft dry, and interrupt a. natural flow ; 
but whofoever will attend to the reafonings 
made ufe of in the courfe of this work, 
will find them grounded on, and derived # 
from the principles laid dov^n in the Firft 
Ledlure ; fo that the remaining part (not to 
fpe^ of other advantages of which the 
learned readers will themfelves judge,) 
ferves as a full illuftration of the applica- 
tion of this phyfical theory. 
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To make the reader further acquainted 
with the method purfued in this work, 
we mull make an obfervation on experi- 
mental philofophy; By this name we are 
ndt to under Hand die obfervation and 
comparifon of thofe phaenomena alone^ 
which require a mechanical apparatus to 
excite, or artificial means to difcover. If 
fuch phaenomeiia were the only fource of 
information, our knowledge of nature^ 
however it might deferve the appellation 
of ufeful, on account of fome difcoveries 
ftumbled upon by chance, or that of cu- 
rious, by hitting the fancy of thofe who 
are fond of amufing themfelves with 
elegant toys, would be very limited, 
and uncertain. For the art and appa- 
ratus ufed in experiments, often occa*- 
lion adventitious phaenomena, and pro- 
duce effedlg, fomewhat diftincl from thofe 
which arife from the fjpontaneous opera- 
tion of fimple agents, both which only in- 
volve thofe principles in deeper obfcurity; 
for, there may be an accefGon of fome fo- 
reign matter ; and befides, every degree of 
heat and cold has its correfponding eflfedl on, 
natural bodies, and every artificial appli- 
cation of either will raife the body a re- 
move from its natural flate. It is from 
the obfervation of natural efFe<5ls, and of 
the ufual and fpontaneous operations of 
nature, that an extenfive, certain, and fci-^ 
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chtific knowledge is to be derived. Thefe 
operations therefore, and natural phseno- 
inena we chiefly attecid to^ from a con* 
yi^ioa that nature is free, fpontaneous, 
asnd copious^ that ihe does not zSq&, to 
conceal her agents^ but keeps them con* 
ftancly in their proper funi5tion«, where 
they are always operating without re- 
fbrve. For wHch reafbn I doubt not but 
it will be found more infferudlive to take 
2m extended view c^ fbme general: opera-^ 
tton» of nature^ and canva& their phkmo- 
mema with fcientific reafoning^ than to 
pry into a thojiaifend particular experi- 
ments with a ftruttBtyy which fhould na?- 
turally be as fliort-fighted, as its objedfc is 
ffldnute and confined. When phenomena 
are IpontancouSy they mud be* natural ; 
whfin regularly reiterated, they muft be 
from a. ftxt law ; and when univerfa^ and 
copioQs, they mu^ be from a predomi- 
aasit power or principle in natinre. This 
adding principle of nature, na:uft be a msif 
terial fubftaace, aaid could not a£l with- 
dut its innate power. The peculiar eflicnce 
thh principle, is drftinguifecd from thofe 
oF other principles, by its propenfity or 
xftode of adlion, which being fouad out, 
cofaoducfts us to the knowledge of the mate^ 
rial agent. Thefe extended views would be 
Toil ackd ititerruptcd:, and could never be 
purfued, were a philofopher to bury hnxs%r 
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fdf continually in prying into particular 
experiments. However, particular expe- 
riments will often be ufefiil and even ne- 
cefTary, to fcrutinize things more mi- 
nutely, to make accurate diitincftionsy and 
to bring to the teft properties difcovered 
by general obfervation : they fliall there- 
fore be fomctimcs adduced. But nature 
need never be put to the torture, while 
the efledls Ihe fpontaneouffy exhibits, and 
the grand operations ike perfi&rms, will 
anfwec our inqairies^ and comove o!iir 
doubts. 

The following att^Qfipt mvift n^atur^y 
fliare thofe imperfqaions which, feem en- 
tailed upon all be^nnings^ and therefore 
claims that indulgence, which' i? as nece^ 
fary for inventions, as it is due to their iti- 
fant ilate, and to the 2eal of their authors 
fortheiisiproy^nentoffeieaiicei l^the author 
of this eflay, fhall have the happinefs to 
point out a method, which men of leifure 
and abilities may improve, and to give a 
ipecimen of its utility for the advance- 
ment of the moft noble of fciences, his 
ambition will be gratified, and his labours 
rewai*ded. 
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ERRATA. 

Page JLine 

4 1 6 for vales read valves. 

32 3 for ctdidary read culinary. 

iio 16 for or read <7;2t/. 

295 6 read ^r expand with fuch force. 

299 20 for qtdefcence read adhejicn*. 

321 27 for motion re^id notion* 

330 24 for ^^2^/ read ^^?^, 

359 28 read tranfmitted. 

381 6 for i&/;» read the fun* 

384 7 xtdA x% feenungly reflected. 

6 25 preface, read effence of this.; 
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SECTION i. 


Firft Principles and ifundamental Axioms 
' of • Nataral Philofophy ., 
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HILOSOPHT, according to Pydiagoras, 
13 the ftudy of wifdom, or the knowledge of 
God, which Plato before had faid was the. 
true philofophy* Cicero defines a philofo* 

phcr thus : ; " ^He vho Jlndies to , know the na-^ 

' ..,■' ■ ■'' '■■•.»• > 

tures and caufes of all things human and di-, 
vinei and to \ attain ; to every good ruh and. 
" method of tife^ Phyfids or natural philo- 
fophy is the doftrinc of bodies, and copi^ 
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prifes a knowledge of the powers, pi^open^ 
fides, and natural effence of matter ; as alfa 
of the caufcs, an^ principles whi<ih aftuatc, 
or fet it in motion. 

Now fince God is the Creator and origi- 
nal caufe of all thefe beings, principles, and 
powers, and as,^ accox-ding to the Scriptures, 
the Heavens and earth, and the things they 
contain, proclaim his power and wifdom, 
the ftudy of phyfics, if duly applied, will 
coincide with the true philofophy above 
defcribed. And what fliould be fo defirable 
to man, by nature grateful, as the contem- 
plation o£ his .Creator, and caufe of his 
being ? What knowledge fo fublime as that 
of his God ? And what employment fo com- 
mendable and elevated, as that of ferving 
and praifing his Divine Benefaftor for his^ 
giftS) which are all that we are, and all that 
we have r 

Natural reafon declares, and experience; 
proves that there cannot be an cSe€t without 
a caufe. Therefore all beings have bad a firft 
principle, or caufe of exiftence : which as it 
is firft, muft alfo be felf-exiftent, and there- 
fore eternal. This train of reafoning is at 
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once fo obvious and convincing, that any 
ittcnipt to elucidate, or confirm It, would 
only obfciire Its evidence, and extenuate its 
force. But although it be fuperfltious, and 
even unphilbfophic in a work of this nature, 
to enter Into a difcuflion of the exiftcncc of 
God ; it is' both pertinent and ufeful to ex- 
patiate a little on the attributes, which he 
has difplayed in the univerfe. For example, 
in commencing the ftudy of phyfics, it ii 
highly neceffary to have a juft idea of the 
Divine Power, as far as it is attainable by 
human' conception, for otherwife the timo- 
rous pHilofopher will "virarp the ftupendouf 
works of the creation, or diminiih the ef* 
ficacy of nature's fprlngs, In order to fquard 
his fyftc'm with 8i^ 'contTvJifted idea of the 
creative power; 


W.- 


Let us th^n contemplate for a moment the 
feQwer of the Creator in the vaft canopy of 
the Heavens, which fiirrounds us on all fides, 
arid In thofc magnificent luminaries, which, 
embellifli it with unremitting lullre; of 
that Creator, I fay, whofe omnipotence alone 
could endow the ftars with their light and 
p'ermancnce, and fpread out thofe extenfiv« 
ccleftial fpaccs which they iiluminatc# 

A2 
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The inflincl of animals, the underftanding'! 
of man with all his mental powers, the fuc- 
ccffion of fcafons with their various produc- 
tions, the motion of animals, and the ftruc- 
ture of the univerfc, are magnificent proofs 
of the wifdom and power of God. But it- 
is not in thefe fublime objects alone his at- 
tributes are difplaycd ; his pcrfeftions are 
difcoverable even in the fmalleft infeft. For 
examine a fly, or a midge, view it« frame, 
texture, and machinery, tlie exaft fymctry 
of its parts, their aptitude to perform their 
peculiar funftions, the hydrolic and pneu- 
matic machinery (if we may ufe thefe ex- 
prcffions) of its inteftines ; furvey, or rather 
conceive its tubes and vales with the circulat- 
ing fluids; what a fccrte of wonder here 
unfolds ! If then we fliould examine its fen- 
fitivc organs ; if we could diffecl its eye, 
difcover its retina, fibres and nerves, fhould 
we not confefs that the works of God are 
as wonderful in the minuteft creature, as ii> 
the moft magnificent parts of the creation I 

The royal David, either from reafon or re-* 
vclation, I fliall not decide, was perfuaded 
that all nature, whether great or fmall, dif- 
played the power, wifdom, and glory of God^ 
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Hence he invited not only the luminaries of 
the Heavens, but even the beafts of the field, 
to praife and glorify their God ; why fo ? be* 
caufe if the former proclaimed infinite power, 
the latter difplayed wifdom no lefs divine. 

If fo wonderful and fubllme be the ma- 
chinery of the animal creation, and fo ad- 
mirable the regularity of material nature, 
what muft we fay of thcfe refined and ele- 
vated powers called inJlinB and thinking f 
The bodies and operations of nature, being 
material, are objefts of fenfe, and fubjcfts 
for experiment; ncvcrthelefs their chief 
powers exceed the comprehenfion of all phi- 
lofophers. Now if fuch be the cafe in mat- 
ters cognizable to fenfe, who can comprehend 
the nature and effence of the fublime powers 
above mentioned, which elude both fenfe 
and experiment? He whoreflefts on thefe 
fubjefts, muft rieceffarily break forth like 
Gallen the philofopher; after long con- 
templating the regular frame, the texture, 
and exa6t fymetry of a fkelcton, with the 

proportions and defign of all its parts, this 
renowned phyfician, though an Heathen, 
cries out, " there muft exift a Supreme 
*^ Being, who governs the world; that 
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** ikeleton is the work of infinite wifdom.'' 
His affertion was grounded on the wife dif; 
pofition and orderly arrangement of the parts ; 
Had he carried his views farther, and exa- 
niined the original produftion of thofe parts 
with equal attention, we fhould have heard 
him explain their origin, <is the infpired 
Mpfes has that of light, «« The Lord faid, 
" J^et there be light, and light was ;** for 
thus only can man exprefe, what is beyond 
his conception to explain. 

Atlieifts indeed pretend to explain the 
matter otherwife, hut in a manner more in- 
conceivable, and entirely unphyfical, by at- 
tributing the wonders of nature to a fortu- 
nate jumble. To thefe gentlemen I fhall only 
beg leave to propofe one queftion. If I fhall 
not fay the fublime powers of reafon, or thq 
uniform fuggeftions of inftinft, 1 fliall i^ot 
fay the machinery of the univerfe, or the 
animal oeconomy, nor fliall I even propofe a 
reptile or infeft : but if the eye, or the ear 
of an animal furpais the power and inven- 
tion of all the Atheifts that have ever ex- 
ifted, with what face can they afcribe the 
formation of all nature to a jumble of- duft, 
or atoms? In the defarts of Ada and Africa 
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tliere are vaft oceans of fand, whereof a part 
is as fmall as any epicurean atom. Tliis (and 
is of a gravitating nature, and befides every 
other quality which Democritus* afcribed to 
atoms, enjoys the additional advantages of 
air, light, heat, and moifiure, all which arc 
favourable to aninial, and vegetable produc- 
tions ; yet they produce nothing of either 
kind ; not even an hoof or an horn, a tree or 

a leaf : on the contrary, they are found de- 
ftruftive to all fuch produftions, and only 
feem deftined to confound Atheifts, and 
atomic philofophers. 

It is needlcfs to expatiate farther on a 
truth, whereof the evidence is fo glaring, 
that it has gained the univerfal belief of all 
nations and countries. All civilized natioiis 
have left monuments behind of their having 
lived in this perfuafion. Philofophers, hif* 
torians, and travellers, both ancient and 
modern, are vouchers for the barbarous and 
uncultivated parts of the globe; they all 
3gree with Cicero and Plutarch, that there 
exifts no nation fo barbarous, no people fo 
ignorant, as not to admit, and praftice the 
worihip of a Supreme Being. This fcems 
the only notion, which, notwithftanding the 
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difFerence of iituation, climate, and man-* 
ners, the endlefs variety of cuftoms, difpo^- 
fitions and prejudices, has remained conftant 
and permanent, amidft infinite variations of 
manners and opinions : a permanence, which 
it could never have maintained, were it not 
rivetted in the nature of man. But this and 
many other proofs are out of the line of a 
natural philofopher; what has been faid id 
abundantly fufficient to eftablifh the exiftence, 
power, and wifdom of the Creator : . which 
being laid down as a firft principle, we Ihall 
deduce the following principal axioms, or 
univerfal truths, as grounds for our phyfical 
theory. j 

A X I O M I. 

The works of the whole, and of every part 
of the creation, are perfeft and compleat *. ' 

Illustration. 

To fay that the works of infinite power 
and wifdom are not perfeft and compleat, 
would be an abfurdity. Fpr deficiency can 


* We call that being perfedl and compleat which an- 
fwers its deficrn and purpore in nature. , ,. 


» » 
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only proceed from want of wifdom to <Je- 
|Qgn.and difpofci or want of power to excr 
cute. Infinite power involves in its idea the 
power of creating and difpofing; infinite 
wifdom includes defign, prudence, and pre- 
fcience ; the Creator's power produced what- 
ever infinite wifdom direfted, and infinite 
wifdom conceived and devifed all that was 
requifite for the. perfeftion of the univerfe. 
Hence, the materials were fufficienjt:, the dif- 
pofition perfect, and the work complcat. 
Befides the fame power that has created, 
ftill preferves the univerfe, and for one great 
and conftant end ; for nothing was made in 
vain. The world, no doubt, was originally 
adapted to that great end : it is ftill deftined 
for the fame ; therefore it is ftill equally per- 
fect, its parts and order the fame, and fo 
fhall continue, until the power, which pro- 
duced and preferves it, fhall change, or an- 
nihilate it. To confirm our reafoning by 
matter of faft, let us conjpare the world and 
its principal parts, at prefcnt, with what 
they have been at a diftarit period ; if they 
be found uniform and conftant, they give an 

bcular demonftration of our axiom* 

C).. .... 
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Let us therefore take into coofideration 
the various phacnomena of nature, and com- 
pare the beings of each dafs with the corre* 
iponding orders of nature an hundred, or a 
thoufand years ago. Firft, as to the revolu- 
tion of the heavenly bodies, the number 
and order of the planets, the variety of fea- 
fons, the fucccflion of day and night, and 
other ftriking phacnomena, we find them on 
record exaftly conformable to our own ex- 
perience. If any difference occur in the 
theory of aftronomeis, upon examination it 
will be found entirely confined to their vari- 
ous explanations ; but their accounts of the 
apparent fyftem of nature are always th^ 
fame. 

If now wc pafs to foffils and minerals, we 
fliall difcover the fame uniformity. We have 
feveral monuments of antiquity compofed of 
metal ; we have feveral ancient foflils iiTthe 
cabinets of the curious ; and both have the 
flrifteft rcfemblance to the correfponding 
fubftances of modem times. Whether me- 
talurgifts and chymifls agree, or difagree 
about their properties; we know at leaft 
that iron and brafs were always ufeful in fur-, 
niture and tillage ; that filver and gold were 


^ 
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^ed for mpAcy and ornament ; that in ge- 
^er^ the fame fubllances were always ap- 
plied to the fame purpofes ; which plainly 
fliews that their nature and qualities were 
always the fame. Vegetables confiftcd for- 
merly of the fame parts of which they arc 
compofed this day ; they had roots, ftems, 
leaves, and flowers. The fame kind of tree 
ip the fame climate, produced the fame kind 
of fruit, and was endoijred with the fanie 
medicinal .virtues, though men plight not 
have been always equally Ikilful in cxtrafting, 
and preparing them. 

The various fpecies of animals s^re i^ow 
f ndowed yfith the fame charaderifliips, which 
formerly diflinguifhed them. Ancient def* 
criptions of their inflind and degrees of 
fagacity are entirely conformable to thofe of 
our times. If they were difTeded, anata- 
n^ifls might differ in their obfervations and 
thwry; but t^ie flru^hire of the animal 
TYQuld be found undoubtedly the fame. It 
therefore appears that the feveral orders of 
beings, which conftitute the different king- 
doms of nature, are all the fame now, as 
ikcy h3,ye beep at any foriper period. Hence 
it follows, that their principles and component 
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fubftances muft alfo be the fame they have 
formerly been. Now thefe conftitucnt fub- 
ftances and principles are the great elementary 
bodies of nature ; therefore again, caufes 
being as their eflfefts, thefe elementary bodies 
are in nature, powers, and qualities the 
fame as they have been originally formed. 

Again, if we furvey the general fyftcm of 
the univerfe, or carry our refearches into 
any particular clafs of beings, we find them 
ail difpofed for fome great ends, and uni- 
formly attaining their deftination. We muft 
therefore conclude, that the univerfe and its 
beings are perfect and compleat ; and from 
the identity we have^juft eftabliftied, to wit, 
between the prefent and original ftate of 
things, we may infer that they have always 
been, and were originally made perfecl. 
And as the perfeftion of a work depends as 
much on the fufficiency of materials, as on 
the ability of the artift, it follows, that the 
creative power gave exiftence to every kind 
bf fubftance, or matter, to every kind of 
power and principle tieceffary, or even ufe- 
ful for the perfection of his wcrk. We have 
alfo obferved that the phaenomena and opera- 
tions of nature are pernaanent and uniform j 
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from this permanency and uniformity of na-' 
ture it appears, that infinite power and wif- 
dom ftill preferves them, and continues at 
once their exiftencc and perfeftion; which 
is a clear confirmation of our firft axiom ^ 
of which the fecond is an immediate confe- 
quence. 

« 
AXIOM IL 

There is ^no waiit in nature of either n>a- 
terials or principles, caufes or powers, but a 
perfect fufficiency of all that is neceflary or 
ufeful to perform^ all her operations, and 
eiFefts, and to attain the ends defigned in 
the creation. This is evident from the 
omnipotence of the Creator, and the fitnefs 
of things. 

SCHOLIUM. 

Hence it evidently foUoweth, that as our 
bountiful God hath, through his infinite good* 
nefs, without any impulfe, or neceffity, but 
of his own free will, created this our ma- 
terial nature and machinery ; with her powers 
and beings, in fome part or point of infinite 
fpace, which exifts in him, and at fome in- 
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ftarit of eternal duration, which is meafurecfy 
and fubfiffs oiily by him, the felF-exiften^ 
^d eternal Being: Henc^, I fay, it fol-' 
toWeth, thjit Kt only caii change or deflrdy 
that riiaterial nature and machinery which' 
fie has created, and that, in fuch other inftaiit 
of eternal duration, as to himfelf only feems' 
fit, according to the end which he defigned 
in the creation. This conclufibn correfponds 
direftly with the fentiments of the heathen 
philofopKer Dioiiyfius, who feeing an' uni- 
verfal dar^riefs on the djy of our Savioiir'^s 
crucifixion, at which time the moori was itt^ 
oppofition, and therefore a folar eclipfe im- 
poffible, according to the order of nature, 
cried out, " tHat the world was at aii end, or 
that the God of nature fuffered.** 


AXIOM ih: 


Matter, or any other fubftance, caiitiot 
be' deftrdyed or atthihilaCed, efxcept by God' 
the creator and' cOtiierver* thereof; erjt caa 
aiiychanfge takexdaceiri' its nature, befideV 
its ordinary corcnrfe of riiutation, without his? 
divine order or perraiflion. 
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This permiffion he can grant, and has 
f€ally granted to his fervants, as appeisrs by 
the Scriptures. 

SECTION II. 

Neceflarjr ObferVations, Phyfical Definitions 

and Propofitions. 

Befone M^e proceed farther, it is lieCeffary 
to premife definitions* Equivocal exprefilons' 
are a perpetual fource of obfcurity, which* 
can only be avoided by previoufly explainingf,i 
and fixing the precife value and meaning 06 
our terms* There are two kinds of defini^' 
tions, to wit, nominal, and real. The for- 
mer being definitions of words, maybe pre- 
mifed, as they are arbitrary : but real dcfi* 
nitions, which arc fo called, becaufe they 
explain not words, but things, muft rather^ 
conclude than precede a phyfical work. The 
reafon is this : A real definition explains the 
nature and qualities of the thing defined^ 
which nature and qualities are only difco- 
yered after long inveftigations, numerous 
experiments, and careful enquiries. 
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Many philofophers have been led fiftrsly;' 
in this particular, by a defirc of following 
the method of mathematics, which (by the 
way) is entirely diflFerent from that of phy- 
fics. For definitions in mathematics are 
taken from idea, and are aflumed as a ground 
of future ratiocination ; whereas in phyfics, 
they are gathered from experiment, and not 
the ground, but the refult of ratiocinitionj' 
Examples of both will illuftrate the matter. 
Commencing the ftudy of mathematics, 
we refled on our idea of a point, a line, a 
furface, or a folid, whereof certain diftinc- 
tive charafteriftics immediately occur to ther 
mind ; thefe notions expreffed in words form 
mathematical definitions, which are thus had 
without going farther than the mind itfelf. 
On the other hand, let a naturalift undertake 
an effay on air, in vain will he refle6t on his 
idea of air : he never will, by his idea^ dif-^ 
cover its nature and powers. Will his idea/ 
fuggeft gravity, or compreffibility ? Will his 
underllanding alone, unaided by hisfenfes, 
difcover to him its elafticity, or any other 
power it poffeffes ? No ; the difcovcry of its 
powers and qualities muft be the refult o£ 
obfervation and experience; confequently 
both muft precede his definitions. 
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It will be objected perhaps, that figure, 
Magnitude and number are objefts of idea, 
knd yet of great confequence in phylics. It 
muft be owned, that dimenfions and number 
are objefts of idea, and yet have great influ- 
ence in the mechanical operations, whether 
of art, or nature : but it likewife muft h6 
obferved, they are neither principles of aftion, 
nor efficient caufes in nature. Figure, for in- 
ftance, will efFecl, that one body, with the fame- 
force impreffed, fliall penetrate another body, 
or mediuni fafter or flower j but without an 
adive principle, figure can nevdr produce 
motion. Number is fomdwhat of the fame 
nature : a great number of impulfes from an 
agent will produce a greater efFeft, than a 
fmaller number of the fame inipulfes: but 
number detached from the agent is a dead 
relation, which has no more influence in the 
operation, than the coiling of a watch fpring 
has on the motion that infues, which is en- 
tirely owing to the dlafticity of the fpring. 
Wherefore this elafticity, and not the coil* 
ing, is the principle of motion ; for coil and 
roll up lead, thread, or any other body that 
is not elaftic, and it fliall not excite any 
motion. Here the figure of the coil, the 
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bumiiier of its foWs^ or th€ mp^gnitude of 
the roll, and quantity of matter, have not 
the Uu£t efficacy, if fomc degree pf dafU- 
tity does not a^l* 

Figure is ;^ n<sutral mode of being, that 
^ag^d« the bounds only of body, and has 
po rdbitjion tp its internal eiTence. It cannot 
thcrie^ore b/2 a princijple, or caufe in the fub- 
ftance : fov wh^,t idea of aftion can be con- 
ceived of fucU a fpiridefs mode of being ? 
The f^mc alfo ipay be faid with regard to 
tie figure ipf the fwalleft particle of matter, 
or of any nun>ber of them, as well as of 
the largcfl body. 

> 

Neither can magi^itudc, ot number be 
any principle of aftion in bodies, being only 
comparative qualities of fome being, or 
fpecics pre-fuppofed to exift, in which ex- 
iftence the real cflence, principles and 
powers of the body muft have been con- 
ftituted, before number, or magnitude can 
be affirmed of it Confequently, number 
and magnitude are not firft principles of 
aftion in body. But doubtlefs if ther<- 
be any principle in a body, or any eficient 
caufe in its conftitution, the greater this is, 
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the greater fliall be its tScck ; and the fame 
bf number. But this is not true of figure,- 
as the Q>ring abovementioned likewife ihews. 

If fire or flame had not in its nature or 
feflence an expanfive vigour, to fend out it* 
heat aiid light, we cduld not have a fenfa- 
tion bf either at any diftance, great, or £pEiall; 
nor would the furrounding bodies be af- 

fe^d by it. If this aAive principle did not 
iubfift, what advantage ot cS^td: could arife 
from the magnitude of fire, or the number 
bf candles ? But finc^ it does exift ill fire, 
thjB greater the fire, the greater the heat ; 
and the greater the flame, or the more nu- 
inerous the candles, the greater will be the 
light. But in all thefe cafes, figure, or any 
fuch neutrll and fpiritlefs mode of being, 
has no eflScacy iii the principle of a6tion, or 
fourcc of powers . 

Therefore, fince niagnitude, figure and 
number (which arc the fole principles and 
bbjefts of mathematics) are no wife included 
in the aftive principles, or operative caules 
bf Nature J and fince the inveftigation of 
fhcfe principles and caiifcs is tjbc fole end ^n^ 

intention of phyfics j we muft condude,that 

B 2 
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mathematical principles are ufelefs in phyficsy 
until the real effence of body , or the powers 
and efficient caiifes of nature are explored. 

But when thefe principles of aftion and ef- 
ficient caufes are difcovered ; when the places- 
of their beings or refidencc, and modes of 
operation^ or propenfities are determined, the 
application of mathematics will then, and 
not till then, be neceffary to calculate and 
compute their qualities, their forces, and the 
ejfFefts of thofe forces in the compofition and 
refolution of the motions arifing from thefc 
aftive principles. ^ 

DEFINITION I. 

Subffance is that thing which we conceive 
to fubfift of itfelf, independently of any 
Other created being, or any particular mode 

or accident ; and it is the fupport of qualities^ 
or powers, that are capable of producing' 
Ample ideas in us. 

DEFINITION If. 

Offence is that which conftitutes or deter- 
mines the nature of a thing, and is abfolutely 
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ueceffaiy to its being. It is alfo defined, 
that whereby a thing is dillinguiflied from 
every other thing. Effence alfo involves in 
its idea the caufe and fource of powers ; 
whence the fubftance and its effence may be 
confidered as concrete, contextured and co- 
exifting. Which concrete fubftance we call 
the principle of 2^11 its powers : fuch is light, 
which the Creator drew intq eidftence by his 
word of efficacy, to invigorate and warm the 
primordial matter, and to illuminate the 
^creation. 

D E F I N I T I O N m. 

Quality is that affeftion of a thing which 
relates to our fenfcs, or that power which 
occafions a thing to affed our fenfes in this, 
or that manner y whence quality and faculty 
of the effence, or power of the fubftance 
may be looked upon as fynonymous : for 
example, fire has an heating quality, which 
is a power effential to it. 

DEFINITION IV. 

Principle is the caufe, fource, or origin of 
a thing ; whence God is the firft principle. 
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Doubdefs there are other principles fecondar^ 
to him, but primary in nature, which he 
has made, to carry on her operations. Such 
are, the principle of the centrifugal force, 
(which is light or fire) and the principle of th^ 
centripetal force (whatever we flball find that 
to be) but when the word principle is em- 
ployed, the a6Hng fubftance and its efikne<; 
ire both implied* 


DEFINITION V. 

Agent fe tltat principle of a<^oQ, whereby 
a thing is done, or effeded ; that is, the effici- 
ent caufe that has power to aft qn fopae; othei: 
thifi^, whereby a change is produced therein : 

■ ■ » ' 

a,ad the thing, 'wbcteoifi it ad:s^ or which it; 
changes > is called the patient:. 

Phyfical agents arc; thqfe which pjoducq 
certain kin4s o£ effeds, but not their contra- 
ries ; as fire which cai) heat, but canno^t cooL 
We fliall hereafter refer to this definition, as 
to an eftablifbed principle ; it is therefore pro-r 
per to make it a propofition, and give it all the. 
authority of demonftration. 
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PROPOSITION I. 

A phyfical agent cannot have two Oppo- 
^te propenfities, or powers to produce con* 
trary efFcfts, 

A phyfical agent is a certain part, or fpecies 
of matter, endowed by almighty Cod with a 
power to acl: according to a determined law, 
which is that of its effence, or nature. The 
tenor .or mode of action, which the eflence 
follows in confequence of this law, we call 
its propenjtty ; and this propenfity is there* 
fore indicative of the effence, which muft aft 
according to its determined mode, whe- 
ther that ht of propiilfion . (as in fire) or by 
attraftibn; but cannot have two oppofite pro- 
penfities. For let us fuppofe this fpecies, 
part, or particle of matter tQ haVe both pro<^ 
penfitics, it muft confec^cndy be endowed 
with both powers, which ttluft be either 
equal, or unequal ; if eqml, being oppofite, 
they muft deflroy each other's effeft, in which 
cafe it has no power at all to aft, and conf6- . 
qucndy is not an agent ; if unequal,, the 
Jeffer is overcome, and rendered ineffeftnal 
by the greater j and the exccfs of the greater 
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being the only power that remains for aAion, 
this adion muft be according to the innate 
propenfity of that prevailing power. Whence 
the above propofition. 

A free agent is that which can do a thing, 
or not, as acting, not from propenfity, or 
pre-determination, but from choice. Such 
is the mind of man, that may either will, 
or not will the fame thing. 

A fubftance, which has a power of afting, 
we may call an agent ; its power to aft we 
may call the efence of that fubftance ; andi 
the mode, according to which this phyfical 
agent afts, we may call the propenfity of 
that power; as for inftance, let fire be a 
certain active fubftance, then it is an agent, 
whofe effence is expanfion ; whofe qualities 
are thofe of heating, burning, and illumi- 
nating ; and whofe mode of aftion, or pro- 
penfity is by propulfion, as if it were, di- 
verging from the centre in all diredions to 
the furface, ;. c. with centrifugal force. 
All which things we mean to inveftigatc 
from the effecls and operations of nature, 
which collected from experience and obfer- 
vations, along with juft experiments, Ihall 
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be our chief data in the conrfe of this our 
ipflay on phyfics. 

DEFINITION VI. 

A material fubftance that has no principle 
pr power to aft is a patient, and cannot be 
called an agent. However, though it be 
inaftive, it has properties effential to it, and 
common with the material agents, as tan- 
gibility and extenfion, with other affeftions 
^nd modes edudble from thefe, and depend- 
ing on matter. 

DEFINITION VII. 

1 ■ ■ - 

Palpability, or tangibility is a property ef- 
fential to matter, whereby it becomes an 
objeft of fome organ of fenfe ; and whereby 
we are fenfibl^ of its folidity, refiftance, 
aftion, reft, and motion; of its bounds, 
figure, dimenfions and extenfion. 


DEFINITION Vin. 

Extenfion of a body is that property, 
whereby it occupies fpace ; whence its magni- 
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tadc, dimcnfions, limits, and figure; its 
idivifibility and parts ; their quantity, &c, 
which ar^ mode? of being depcBfding oij 
matter. 


DEFINITION IX. 

> . - » * , . 

laaaive matter (by its title) is void of 
i& powers of aftion; whence it cannot be 
an agent, but a patient, or fubjeft, whereon 
an agent may ad, or be fuperinduced , ib 
as to incorporate, or endow the inadive, 
with the effence and qualities of that agent " 
matter. But from this agent and its powers, 
the inert matter is again feparable, as being 
a diftind fubftance from it j for both were 
originally independent of each other^ an4 
each fubfifted by itfelf, 

Now we Ihall lay down feveral propolis 
tions, fairly deduced from the principles wc 
have eftablilhed, as an introdufliion to our 
phyfics. The principles I fpeak of, viz» 
the wifdom and power of the Creator, the 
perfe(aion of the imiverfe, and the immuta- 
bility of all its parts, unlefs at his divine 
command, are the moft certain, and at the 
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jTame time, the moft prc^r faundation fen: 
ji phyfical theory. For it is only from the 
j:ieal principles and origin of nature, we can 
derive a true fcientific knowledge of lier 
caufcs, powers and operations: as is evi- 
dent from the numberlefs chimerical and 
jabfurd fyftems of the heathen philojTophcrs* 

PROPOSITION IL 

All the caufes in nature are adequate and 
confonant to their rei|>e£tive effiifb, as are 
her powers to the modes of their r€fpe<9ive 
operations ; /. e. effeds are as their caufes, 
^n old asiom. 

PROPOSITION m. 

Hence, in nature, material effeds mufl; 
jUfife from material caufes; material opera* 
tions from material powers; and confe- 
^uently immaterial, or ipiritual effefts from 
§)iritual cauies; and (if we may iay fo) 
imaginary efiefts only from im^inary, or 
|deal caufes.. 

•This cannot be objeded to, becaufc we 
^c the ftne/s of things is univcrfal in all 
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parts of nature, and fquares with the wor^ 
of infinite power and wifdoni. Is it not 
upon the foundation of the fiinefs of things j 
which every one may fee prevailing through 
nature, that philofophers form the rational 
concatenation of caufes and efFcfts, from 
tlie firft principles of natui'e to her ultimate 
produftions, by the fynthetic method of 
argument ; or back again analytically frona 
effeft to caufe, in order to inveftigatc her 
firft principles ? Upon what other bafis can 
we ground a fyftem, or have hopes of fuc- 
cefs in our enquiries through the mazes of 
nature? 

If the all-wife Creator had not formed, 
and purfued that rule, to wit, the Jiinefs cf 
things J whereby powers were fitted to their 
principles, and effcnces to their fubftances, 
accidents to their fubjefts, eflfefts to their 
caufes, and propenfities to their powers ; 
what confufion and diforder would have 
been the confequence among the beings of 
nature ! Whereas, in all her kingdoms thefc 
beings are numberlefs; how could they be 
reduced to claffes, tribes;,^ or kinds ? Or how 
could any number of them be arranged 
under one general head ? Not only every 
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iinimal would be fifh, flefli, and fowl ; but 
partly of the vegetable nature, producing 
leaves, fruits, and flowers ; partly of the 
foflil nature, with its concretes of fulphurs, 
falts and mercuries ; and at the fame time, 
a thinking fubftance, being compofed of all 
kinds of exiflences, without order, propor- 
tion, ordiftinftion: the fame might be faid 
of every circumfcribed body whatfoever: 
nor would the great elementary bodies fire, 
air, earth, and water, be then difiind. In 
that cafe, we could entertain no hopes of in- 
vefligation or philofpphizihg from experi- 
ence, or reafon : there would be no ufe in 
experiments, or obfervations : we fhould 
havenobafis for founding any fyftem or hy- 
pothefis upon. Confequiitly the fitnefs of 
things is an univerfal rule in nature ; other- 
wife all things would be in confufion, as if 
they had fprung from a concourfe of atoms. 

We fliall therefore extend our third propo- 
fition, or make a fourth of greater latitude, 
that we may inveftigate the objed we have 
in view in the courfe of this work, with more 
eafe and certainty. 


.- ,« I , ^ ■ 1 • I' I 
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PROPOSITION IV. 

Subfiancds dad tkcir efiences are adequate]/ 
is are princii^ and their powers ; aUb ef- 
fences and tiieiji*:pr6p^ifities, as well z& cttdtitf 
and effeifb. 


~<W>^W'^«4^<^4^4''>~*^~^^>">">^' 
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Newtonian rules con^pared with the forego- 
ing propofitions, their agrecnient/and di-' 
verfity ; oppofition in their tendency an<f 
in their confequences. 


'fHESE propofitidns have hitn fairly de- 
duced from our notions of the divine acttri- 
butes, and correfpond with that invariable 
rule, vizy the fitnefs rf things^ which atf 
all-wife Being muft have obferved in the crea-^^ 
tion ; and which alone can be a folkl foun- 
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datioH for a phyfical fyftem, or a due £ot 
invcftigating the firft principles of nature. 

Six Ifaac Newton has grounded his rules oa 
another principle, to wit, the fmplicity (f 
nature J which is alfo confonant to the wif- 
dom and works of the Creator. Now as the 
method of this illuftrious author has met 
with univerfal and deferved applaufe, it will 
be ufeful to ailign the connection between his 
rules and our proportions ; and alfo to point 
out the difference, if any there be, either in 
the tenor of the rules, or in the confequences 
thence deduced. We will cite them from the 
Philofophia Britapica, vol. i, page2» 

RULE I. 

** More caufes of natural things are not to 
** be admitted, than are both true and fuffici- 
ent to explain the phaeriomena ; for nature 
does nothing in vain, but is fimple, and 
delights not in fuperfluous caufes of things. 

RULE IL 

<* And therefore of natural cflfefts of the 
« fame kind the fame caufes aire to be afiigncd. 


<6 
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^^ as far as it can be done. As of refpiration iH 
man and bcafts ; of the defccnt of ftones in 
Europe and America ; of light in a culidary 
fire, and in the fun ; and of the refledion 

** of light in the earth and in the planets/' 

R tJ L £ id. 

*' The qualities of natural bodies which 
*' cannot be incrcafcd or dimifiiflied, and 
** agree to all bodies, on which experiments 
*^ can be made, are t6 be reckoned as the 
*' qualities of all bodies whatfoeven Thiis 
*^ becaufe extenfion, di^ifibility, hardnefs, 
** impenetrability, mobility, vis ineriia^ and 
" gravity are found in all bodies which fall 
^' under oui* cognizance, or ififpeclion, we 
" may juftly conclude, that they belong to 
^' all bodies whatfoever ; and are therefore 
" to be eftecmed the original and univerfal 
*^ properties of all natural bodies." 

RULE IV. 

" In experimental philofophy, propofitiow 
" coUeded from the phaenomena by induction 
" arc to be deemed (notwithftanding contrary 
" hypothefes)either exaftlyjor very nearly true, 
« till other phenomena occur, by which they 
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h may be rendered more accurate, or liable 
** to exception. This ought to be done, left 
** arguments of induftipn ihould be de^ 
" ftroyed by hypothefes/' 

. ■ • ' ■ > ■ r 

The following general conclufion is imme- 
diately drawn ifrdro thefe rules, viz. " If 
" according to thefe rules we take a furvcy 
" of the vifible world, and ftridly examine 
*' the nature of particular bodies, we fhall 
*^ find reafon to conclude that they all con- 
** fift of one and the fame fort of matter 
" and fubftance r and that all the diverfity 
** or difference we obferve among them 
*' arifcs from the various modifications, 
*' and different connexion or adhefion 
*' of the fame primigenial particles of 
** matter.'^ 

The rules we haVe here recited are cer- 
tainly jufl, and have an immediate tendency 
to the acquifition and perfeftion of fcience ; 
but are not of themfclves fuflicient for that 
end: for their fole objcd is to Amplify 
the operations of nature, and deduce them 
all, if poffible, from one common caufe, as 
appears by the general conclufion annexed 
to thefe rules. But as too fanguinc a pur* 
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fuit of fimplicity might lead a philofopher 
to confound things really diftinft, rules 
are aifo neccffary to enforce the neceffity 
of diftinftions, and to direft how to make 
them with propriety. The latter kind of 
rules will be ufeful limitations and illuftra- 
tions of the former, as pointing out when 
thcfe former may be applied with juftice, 
and when their application wotild be erro- 
neous. For asf in morality, virtue may 
become vice, by being pufhed to excefs, or 
praftifed with a blind undifcerning zeal; 
fo in philofophy, maxims or rules of truth 
may become fources of error, by being ap- 
plied to improper objefts, or urged beyond 
their natural extent. Now our propofitions 

■ 

are the limitations and illuftrations which 
appeal* to us moft neceflary ; and however 
fuperfluous they may at firft feem, in the 
courfe of this work, they will be found 
applicable in fcience, and of the moft 
weighty importance. 

Our fecond and third propofitions, to wit^ 
Caufes are adequate to their effe£ls^ ^c. Ma-- 
terial effeSls arife from material caufes j ^c^ 
have an immediate relation to the fe- 
cond rule, viz. Of natural effeils of the 
fame kind the fame caufes are to be aj/igned^ ^c^ 
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idd are implied both in it, and in the ex- 
planation that follows it. But experience 
proves that it is not enough to imply juft 
limitations, it is neceffary befides, to affign 
them exprcfslyj otherwife Amplification 
may be pufhed to excefs. Nature is iiniple 
ilideed, but flic is alfo various in her opera- 
tions ; and although we are not to admit 
fuperfluous caufes, yet many caufes muft 
be neceflarily admitted. Newton and rea- 
fon prefcribe, that the fame effefts are to be 
attributed to the fame caufes ; refpiration, 
according to this author, in uiah and beafts, 
arifes from the fame caufe. The defcent of 
ftones in Europe and Africa alfo proceeds 
from the fame caufe. But doubtlefs, he ne- 
ver meant the caufes of refpiration, and of 
the defcent of ftones, to be one and the fame. 
He was too judicious not to allow the elafiic 
buoyant power of air, that infpirits and 
expands the lungs of aqimals, to be entirely 
different from gravity, which fiiould rather 
tend to contract and bear them down. He 
therefore implied that oppofite eflPcfts muft 
have different caufes, or cannot have the 
fame. Confequently reafon authorifes, and 
Sir Ifaac Newton coincides with thofe of 
our propofitions, which feem reftrictive of 
his rules^ 


36 THE FIRST PRINCIPLES 

We IhaU now farther elucidate thefe pro> 
pofitions, Ihew their application, and per- 
haps extend their utility, by adding others- 
equally certain and pradical. The effefts 
of light and gravity are ftill more different 
from each other, than are thofe of air and 
gravity. Light expands bodies, and enlarges 
their dimenfions. Gravity, being a fpecies of 
attraftion^ contracts them, and lefiens their 
dimenfions. The one is a clog upon matter, 
the other animates and revives it ; as we ico 
by the effefts of the fun's heat and light 
at the return ,of fpring, and during the 
fummer feafon : therefore, according to the 
firft propofition, thefe effcfts arc produced 
by different caufcs. Again, thefe effects arc 
material, therefore their immediate caufes^ 
according to the third gropofition, are alfo 
material ; that is, tangible fubftances* 3dly, 
By the fourth propofition the fubftance is 
adequate to the effence, and the effcnce 
adequate to the propenfity. Gonfequently 
the fubftance of light, or fire, which opens* 
and enlarges the dimenfions of body, muflr 
have a power adequate, that is, an expan-^ 
five effence, and the propenfity of this ef- 
fence muft be adequate to expanfion, that isy 
muft be centrifugal. By the fame propofi^ 
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tien, as the fubftance of gravity brings the 
particles of matter together, and leffens its 
4imeniions, its effence muft be adequate to 
fuch a fubftance ; that is, convergent, and 
its propenfity centripetal. Which two ex- 
amples are a full illuftrat^on of our fourth 
propofition. 

It is clear from thefe examples, and from 
the tenor of tl^cfe propofitions, that their folc 
Ipirit and tendency is to form accurate dif- 
tinftions, which is in a great meafiire the 
buiinefs of philofophy : for it is only by fur- 
veying nature with a vigilant eye, by ranging 
her beings and operatipns in their proper 
claffes, and by remarking their agreements 
and diftinftions, that we can hope to invefti- 
gate her fprings, or firft principles* The fpi- 
rit of Newton's rules on the other hand is 
to Amplify, and if polfible, to deduce all 
effefts from the fame caufe : which method, 
however juft, was dangerous in its applica- 
cation, as it induced his followers not to 
fearch after, nor admit more principles than 
one, although more manifeftly difplay them- 
fclves in nature. Two examples will lhe\y 
the difierent tendencies of both methods. 
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Conformably to the fpirit of the New- 
Ionian rule^, it is faid in the general con- 
clufion, cited (p. 33,) that all bodies confift 
of one and the fame kind of matter, and 
that all their varieties proceed from various 
modifications of the fame particles.' It is 
alfo concluded in the explanation of the 
third rule, that gravity, vis inertiaj &c, 
are the properties of all bodies. But our 
rules not only render us more circumfpeft 
in adopting fqch conclufions, but even in- 
duce us to rejeft them. For as to the firft, 
we know that the immediate and phyfical 
caufes of all material effeds are themfelves 
material; that therefore, the caufe of 
heat, light and expanfion, or the fubftance 
producing thofe eflFeds is material. Again, 
as by our firft propofition, one phyfical 
agent, or material caufe, cannot produce 
two contrary effeds; therefore attradion, 
which drc^vvs together, and expanfion, which 
fcperates, cannot proceed from the fame 

caufe. Confequently, ^s thefe two opera- 

•■ * . ■* 

tions are ' feen to obtain in material nature, 
they have two diftinft material caufes, whpfe 
effences and propenfities are oppofite ; we 
therefore difallow the general conclufion 
above cited, and pronounce that experience 
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exhibits, at leaft, two kinds of matter in 
nature: for oppofite propenfities muft arife 
from different effences, /. e. different fub- 
ftances, confequently different principlesr 

Let us now, according to the fame method, 
examine the fecond affertion we have quoted, 
to wit, that ms inertia^ with the other pro^ 
perties there enumerated, is common to all 
bodies. Sir Ifaac Newton declares in many 
parts of his works, that there is in material 
nature an active power called attradion; nor 
can any one deny that a force is exerted in 
nature, which tends to bring things toge- 
ther. It may iadeed be doubted, whether 
this force proceeds from attraction or com- 
preffion, u e. impulfion ; for even Newton 
}umfelf was in doubt about that, as is dear 
from thefe words in his 31ft quqryj 
** What I call aiirailion may be performed 
^* by impulfe, or by fome other means un- 
^* known to me,*' fo that until this queftion 
\>t determined, we flxall call attraftion the 
centripetal force; for fuch is its tendency, 
whether its caufe be attractive or impulfive. 
But let this be as it may, certain it is, that 
^ ftrong centripetal force afts upon bodies 
throughout the univerfe. It is alfp allowed 
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that there is another power in nature, 
namely, that of fire or light, which ex- 
pands or dilates bodies, feparating their 
parts with a centrifugal force. This princi- 
ple of expanfion, according to Boerhaave, is 
fo univerfal, that there is not a body, or 
fpace in nature, which has not its fires^ 
though fometimes latent until excited. The 
univerfality, materiality and expanfion of 
light we fhall hereafter expatiate on ; but 
for the prefent we fhall admit them, as 
they are points that few call in queftion. 
Wherefore light or fire, the principle of the 
centrifugal forc€, being a material fubftance^ 
Ihould we not alfo conclude, as well from 
analogy, as from our third propbfition, 
that the centripetal force, which is equally 
powerful in producing material efFcfts, alfo 
arifes from a material fubftance, ' Otherwife, 
contrary to the fame third propofition, w^ 
ihould impute real and material effefts, tp 
imaginary* or ideal caufes. Now as thefe 
two principles of adion feem to be the 
chief fprings of nature, whereby all her 
operations are efFefted, we fhall call theni 
er maUrial age?2fs. ' • 
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There are therefore in nature two material 
aigents, of prodigious efficacy, and of op- 
pofite propenfities. Thefe agents are acting 
material fubftances ; for a power without a 
fubftancc exerting it, is only an abftradt con- 
ception of the mind, not any thing really 
exifting. And if the effence or power of a 
fubftance be aftive, according to our fourth 
propofition, and to teafon, the fubftance 
imuft likewifc be a&ive, otherwife two ab- 
furdities would follow : viz. that the effence, 
power, or diftinguilhing charafter of a fub- 
ftance could be feparated from it; and 2dly, 
that a power or effence of matter fliould aft 
independent of its fupporting fubftance ; in 
which cafe, the power fhould want its ma- 
terial efficacy and impelling- force, being no 
longer tangible, extended and folid; and 
piuft either be fuppofed to aft upon matter, 
as fpirit does, or elfe to create for itfelf a 
new kind of matter, to form an impelling 
force, and render it tangible *, which is 
equally abfurd. 

* We have defined tangibility an efftntial property of 
matter, whereby it affcdls our organs. By this vfe do 
not infinuate that it is ciTential to all matter to aflFe<ft 
pur organs 5 that would be more than we could fafely 
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Confequcndy, the two fpecies of matter, 
endowed with thefe oppofite powers and 
tendencies to aA, cannot be called inert; 
becaufe they have in tliemfclvcs a power 
of niiotion and of aftion, which gives mo- 
tion to inert matter, and which produces, 
the operations of nature, as will hereafter 
appear. We muft therefore fet limits to the 
property of inertnefe, which the prefent 
generalizing method of philofophiz;iiig has 
rendered univerfal. And even though there 
ihould be intervals of time, and particular 
circumfiances, in which fome part or parts 
of thefe matters ceafe to a£t, and no longer 
exert their powers; yet, fuch parts under 
thefe circumfiances, or during that fufpen- 
fion of aftivity, are not to be called inert 
^la.tter ; bqcaufe they ftill retain their effence. 
Or the fource of their aftive properties, 
which diftinguiih them from inert matter^ 
i. e. from matter void of power. For even 


aflert : we only mean that tangibility gives to th^ mat- 
ter we are acquainted with the capability of affe^ng 
our organs. But perhaps, a more refined fpecies of 
matter might be tangible and folid, without affeAing 
them. This being remarked, tangibility may be confi- 
dcrcd as an eflential difference between matter and fpirit. 
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the foul of man, of rational eflence, may 
fometimes defift from thinking and reafon- 
ing ; yet, in that interval of fleep, drowfi- 
deis, or whatever elfe be the caufe of its 
ina^on, it cannot be called an inadive 
being; becaufe during its inadion it ftill 
preferves its natural effence, which involves 
its faculties of thinking and reafoning, and 
every thing which conftitutes an aftive ipi- 
ritual fubftance. In the fame manner the 
matters endowed with aAive propenfities^ 
even during the fufpenjfion of their aftive 
powers, are effexitially different from inert 
matter. 

There is but one way pf reconciling the 
active powers difcovered in matter with the 
prevailing notion of univerfal inertnels 
(I fay, the prevailing notion, becaufe mat- 
ter is at prefent defined, a fuhjiance ex-- 
tended^ folid^ and perfeRly ina6live^ this 
way is to fuppofe, that God created matter 
at firft inert, and after he had given it ex- 
iftence in that ftate, then endowed it with 
certain powers to operate. Thus, a fuppo- 
JGition of its original incrtnefs may juftify 

• 

the prefent definitioni 
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Whether metaphylicians have a privilege 
to form fuch a fuppolition as this, or where 
they fix their ftandard for defining the nature 
of a fubftance, I fliall not determine, farr 
ther than what the prefent definition feems 
to intimate, which appears to have been 
framed by fome fuch fubtile fpeculators. 
But natural philofophers, I am perfuaded, 
fhould define matter according to its nature, 
/. e. according tQ the powers and properties 
they find it endowed with, which are to be 
difcovered by experiment. Thus, experi- 
ment reports the fenfible qualities ; the fen- 
fiblc qualities difcovcr the power or pro- 
perty producing fuch qualities; and this 
power or property determines the effence, 
or diftindive nature of the material fubftance 
experimented upon. Experiments, there- 
fore, are our only guides to the nature of 
matter, according to Newton*s fourth rule, 
which direfts us to oppofe hypothetic argu- 
ments by thofe grounded on experiment. 
Confeqi^ently, we muft found our defini- 
tions on the properties we now find matter 
endowed with, not on wh^t it may be fup- 
pofcd to have been in a fancied primeval 
ftate. Wherefore we ire to call that matter 
only inert, in which we find no principle, 
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4>t power to operate, without the impulfc 
or exertion of an external caufe. And 
wherever we find in any body any powef* 
of aftion, we muft conclude that body has 
in its colnpofition fome aftive matter. 

The fuppofition of an univerfal primeval 
inertnefs is not only arbitrary and improper 
in phyfics, but aifo falfe and inconfiftent. 
For it behoved the wifdofti of God, to create 
fubftances, whether material, or immaterial, 
endowed with their diftinftive natures and 
effences coeval with their exiftence ; and 
Sve find in faft that He hath done fo. Fof 
when the matters of the heavens and of the 
earth were created in a (ionfufed heap, of 
chaos without form, and overwhelmed 
with darknefs, the Lord faid, " Let there be 
** light, and there was light,'* which probably 
is the laft kind of matter He gave exiftence 
to. Now as this fubftance was light the 
inftant it came into being, it muft have that 
Jnftant been endowed vntk all the powers 
and properties, which conftitute and cha- 
rafterizc the nature of light ; thefe proper- 
ties were alfo neceffary for the fundlions it 
was deftined to perform, viz* to warm and 
meliorate the chaotic heap, for producing 
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the various beings of the univerfe, and alfcy 
to illuminate the creation. 

The immaterial fiibftance of the human 
foul, tire alfd leafn from holy writ, was*' 
adorned with its fublime power or effence 
at the time of its creation; for juft^ af- 
ter we ar6 informed that God breathed 
into Adam a living foul, we hear that 
awful law enaded and explained to him,^ 
which was to determine his fate, and that of 
his pofterity. Now to receive fr6m his Crea- 
tor fo important a precept^ he fhould cer- 
tainly enjoy the moft perfed ufe of every 
mental faculty. Since therefore we are af- 
fured that thefe fubftances, and their refpec- 
tive effential properties received exiftence to-' 
gether, Ihall we not conclude, conformably 
f o the omnipotence of God, and the unifor-* 
mity of his operations, that every other ef- 
fence was likewife coeval with the fubftance 
to which it belongs. Nothing can be obj^<9:ed 
to this well grounded conclufion, but mere 
fuppofition, which therefore, according to the 
fourth Newtonian rule, fliould be immediately 
rejefted, and the contrary conclufion adopted 
as true. 
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SECTION IV. 

New remarks on the diftinftion of fubftances ^ 
fifth propofition ; conformity of thcfe in^ 
veftigations to the defires of Newton ; ne- 
ceffity thereof from the nature of his 
works. 

PURSUANT to the fame principle, we 
tnuft alfo conclude, that the matter* originally 
created inert fHU continues effentially inert ; 
for if we fliould fuppofe inert matter endow* 
cd with aftive powers, thefe powers fliould 
aft without their fubftance, or detached and 
at fome diftance frotn it, therefore without 
materiality ; in which cafes the powers would 
be impalpable, unrefifting, and unfolid, and 
tonfequently unfit to produce material efiefts, 
or operations. Yet as in the compofition of 
bodies it may fometimes be blended with ac* 
^ive matter, in this fenfe, it may be incorpo- 
rated with powers and propenfities, which, 
however, though fuperinduced upon it, can- 


' / 
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iiot be confidered as proper to it ; being eri^' 
tirely peculiar to, and infeparable firqpa the 
a6tive material fubftance, or fubftanccs to 
which they are effential. 

Thus through the materiality of the fiib- 
ftance, which fupports lively powers, it has a 
natural alliance with inert matter, whereby 
the latter may be impregnated with powers 
and qualities in a body compbfed of both. 
Again, its activity renders it proper to exert 
thefe powers, fo that while fuch adive mat- 
ter either inheres in inert matter, or is affo- 
ciated therewith, it forms a link of union be- 
tween the lively powers and the inert matter; 
Hence properties entirely oppofitey and even 
incompatible in the fame fubftance, may be 
found in the fame body; becaufe diflFerent 
fpecies of matter, with their different effences, 
may enter into its compofition. For inftance, 
a ftone is heavy, which indicates there is gra^- 
vitating matter in it ; fparks of fire or light 
come from it, when excited by friftion or 
coUifion, which fhews that it contains that 
fpecies of matter ; it alfo gives figns of inert- 
nefs, and therefore has in its compofition in^ 
ert matter. 
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Hence it appeal^ that the different princi- 
ples of body are united or feparated by the 
tinion or feparation of their concretes ; /. e. 
that the fubftance and effence of one principle 
is united with, or feparated frorii the fub- 
ftance and effence of another, the fubftance 
and effence of the fame principle being irife- 
parable. For example, the pure white afhes 
of paper, or of any vegetable or animal body 
we know to be void of cohefion, fmell, tafle 
and all other qualities ; they may be there- 
fore confidered as inert matter. Now if a 
quantity of thefe aflies be mixed with oil or 
tallow (which havd many qualities, and af- 
ford light and heat when inflamed) they will 
kiiidle and afford light, although before the 
fnixtiire they could not be any how affefted 
by fire^ But when aH the oil or tallow ftiall 
be carried off by fire, the alhes fliall again be 
found in their original ftate of inertncfs. Thus 
the two fubftances in their union and fepara- 
tion, are always accompanied with their re- 
ipective properties. Whence we may infer a 
fifth propofition eafily deducible from the pre- 
ceding obfervations. 


D 
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PROPOSITION V. 

Effences arc diftinguifhed by their propen-- 
fities, and are infeparabk from their refpec 
tive fubftanccs ; but diftind fubftances are 
feparable from each other, arid confequently 
carry with ,them their proper effences and 
propenfities; 

All parts of this pfopofition may be de- 
duced from the foregoing remarks, and are 
almoft obvious enoflgh to be called felf-evi-' 
dent. For ift. As an efferiCe is known from 
its propenfity or aftion, one effence isdiftin- 
guiflied from another by its different mode 
of aaion, that is, by its different propenfity.- 
idly. If a material effence were feparated 
from its fupporting fubftance, it would Ibfe 
its materiaHtyi and, fubfifting by itfelf, muft 
cither become a fplrit, «r otherwife a non- 
entity; but both thefe fuppofitions are ab- 
furd ; therefore effences are infeparable from 
their refpeftive fubftances, as per fifth propo- 
fition. 3dly, The diftinftion of fubftances 
•■ ._i:„ *i,o r,offihiHtv of their exiftmg mde- 
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pendent of each other, and therefore of their 
being feparated : confequctitly diftin<fl fub- 
ilances are feparable from each other. 
4thly, That in the feparation each fubftance 
carries off its refpeftive effencc and propenfi^ 
ty, is an immediate Confeqiience of the iecond 
part, to wit, effences arc infeparable from their 
refpective fubftances ; as will hereaftei: ap- 
pear frotn future experiments* * 

Hence the human foul is a different fub- 
fiance from the body, from which it is fepa* 
rated by death. This is IHll more clear from 
fqme former propofitions ; for with the fmall- 
(btk attention to the operations of the mind, 
we find them inconfiftent with matter, and 
unitiiptitable even to the moil fubtile air, or 
moft aftive flame ; therefore by the fourth 
and fifth propofitions, the power and prin- 
ciple, cffence and fubftance producing thefe 
immaterial operations, muft be fpiritual, and 
infinitely different from material fubftance, 
having no affinity therewith, except that 
both are limited, and have a common caufe 
of exiftence, to wit, God. This fpiritual 
thinking fubftance however, being limited, 
(as every man is confcious from the bounds 
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of his underftanding, and the finall extent orf 
all his faculties) is infinitely different from the 
Divine Beinj^, which is infinite in every at- 
tribute, and every pofiiblc excellence. 

Thus we have diftinguifhed three beings 
that really and aftually exift, viz. The Di- 
ving, which being intelligent, niuft be fpiri- 
tual, in which it agrees with the intelligent 
being in man, but it is infinitely. different in 
effence .and attributes ; thefe of the Divinity 
•being infinitely more excellent^ who can 
. create fubftances and powers,, and bring them 
into exiftence fafter than man can conceive a 
, thought, or exprefs it by a* word. The fe- 
: eond being is the human foul, endowed with 
the fublime faculty of reafoning, and even 
capable of contemplating the Creator's pey- 
fcdions. The third is the material being, 
tlxat is, all things that are palpable, and have 
extenfion, which properly are called matter. 
This agrees with the intelligent fpirit, or foul 
of man in tliis one thing, that both are limit- 
ed in all their attributes refpeftively, and 
confequently in their fubftances ; but in na- 
ture, effencc and powers^ they are infinitely 
different.. 
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From the general tenor of this lecture it 
fnay appear, that this effay is likely to difagree 
v/ith fome tenets of the reigning philofophy. 
It muft not however be imagined, that an en- 

• 

quiry of this nature is either derogatory from 
the merit, or contrary to the fpirit of Sir 
IfagLC Newton's works; for a perfon tho- 
roughly converfant with them, \vill imme- 
diately perceive that a refearch of this nature 
was highly conformable to his wiflies. This 
he intimates in the few lines preceding the 
firft of his queries. " Since I have not fi- 
" niflied this part of my defign, I fliall con- 
** elude with propofing fome queries in order 
" to a further fearch to be ipadq by others." 
The various fubjecls of his queries, fuch a^ 
the refleftion and rcfraftion of light, and itsf 
fringes, the reality of his xthcrial medium, 
a vacuum in the heavens, atoms, their gra- 
vity, &c. were therefore matters that he 
wiflied ihould be farther examined by others. 
As for the three laft aiticles, he acknow- 
ledges tliem to have been the phyfical prin- 
ciples of tlie ancients. 

In propofing thefc queries, he feems to 
^ave adopted the method recommended by 
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the wife Lord Verulan, who confidcred a ca- 
lender of doubts as a moft efficacious means 
of improving fcience. Doctor Shaw, who 
commented on Bacon^s works, produces Sir 
ifaac Newton's queries, as almoft the only ef- 
fay extant towards forming fuch a calender. 
But to be more particular, we have already 
fliewn that he doubted whether attradion, or 
(to fpeak more properly), the tendency of bo- 
dies towards each other, was the effeft of an im- 
pellitig or of aLn attrading force 5 he expreffes 
himfelf in this manner : 3ifl: query, '* What 
<^ I call attradion may be performed by im- 
[' pulfe, or by fome other means unknown 
to me. I ufe the word here to fignify 
only in genei'al any force, by which bodies 
" tend towards one another, whatever be 
*' the caiife ; for we muft learn from the phae- 
" nomcna of nature, what bodies attract 

" one another, and what are the laws and 

• . • • ' • 

" properties of attraftion, before we enquire 
" the c^ufe by which the attraftion is per- 
*^ formed/' ... 

Hence it appears that Newton, in this parti- 
cular, rather aclcil in the capacity of a mathe- 
inatician, who computes forces, and calcu- 
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lates their efFefts, than of a philofopher who 
pries into the caufcs or agents exerting fuch 
forces ; and natural phijofophy muft conti- 
nue very imperfeft, while a principal ageiit 
in nature thus remains totally unknown, and 
pnly fupplied by a name cxpreiEng its appa- 
rent efFeft. Newton not only doubted of the 
properifity of its caufe, but alfo had fome 
fufpicions that the caufe of gravity rcfided 
not in all bodies, but was excrt|ed upon the 
reft by fome one particular agent, which his 
commentators were free to call material or 
immaterial^ as they thought moft plaufible. 
This may clearly be inferred froni many- 
places, we fliall quote two. In the fecond ad- 
vertifcmcnt prefixed to the fecond edition of 
his optics, he fpeaks as follows : ^^ In this 
^' fecond edition of thefe optics, I have omit- 
^^ ted the mathematical trails publifhed at the 
" end of the former edition, as not belonging 
to the fubjeft, and at the end of the third 
book I have added fome queftions ; and to 
f* ihew that I do not take gravity for an ef- 
!* fential property of bodies, I have added 
" one queftion concerning its caufe, choofing 
" to propofe it by way of queftion, becaufe I 
f' am not fatisfied about it for want of expe- 
f* riment." 
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Secondly, that he doubted whether this 
property did not proceed frotn the aftion of 
a particular fpecies of matter, is apparent 
from his 31ft query, (page 365) " There are 
*^ agents in nature capable of making the 
" particles of matter ftick together by very 
*' ftrong attractions, and it is the buCnefs of 
** experimental philofophy to find them out." 
From which it is clear, that Newton has left 
the bnfmefs of natural philofophy entirely 
unCnifhed; for he has never difcovered, nor 
even hinted what thefe agents are which 
occafion attradion, except by conjpftures, 
which he propofes for farther examination : as 
an example of this, we fliall quote a part of 
his 21ft quer)\ 

" Is not thi^ (retherial) medium much 
•* rarer within the denfe bodies of the fun, 
" ftars, planets q^nd comets, than in the 
empty celeftial fpaces between them ? And 
in pafling from thqm to great diftances, 
^* doth it not grow denfer and denfer perpe- 
" tually, and theieby caufe the gravity of 
thofe great bodies towards one another^ 
and of their parts towards the bodies, every 
^* body endeavouring to go from the denfer 
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f ' parts of the medium towards the rarer ? 
*' For if this medium be rarer within the 
*' fun's body than at its furface, and rarer 
*' there than at the hundredth part of an inch 
from its body, and rarer there than at the 
fiftieth part of an inch from its body, and 
*' rarer there than at the orb of Saturn, I 
" fee no reafon why the increafe of denfity 
*' fliould ftop any where, and not rather be 
** continued through all diftances from the 
" Sun to Saturn and beyond. And though 
" this increafe of Uenfity may at fome di- 
** ftances be exceeding flow, yet if the elaf- 
" tic force of this medium be exceeding 
*^ great, it may fuffice to impel bodies from 
" the denfer parts of the medium towards the 
" rarer, with all that power which we call 
*' gravity/* Such is Sir Ifaac Newton's con- 
jefture concerning the material caufe of gra- 
vity, and the mechanical explanation of its 
effefts. 

» 

The phyfical principles of Sir Ifaac Newton 
^re therefore unfettled, and juftly propofed 
by that author for future difcuflion ; his ma- 
thematical principles, (for fo he ftiles them 
in the beginning of the third book of his 
Principia^ where he fpeaks thus, " In the 
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preceding books I have laid down the 
principles of philofophy ; principles not phi- 
lofpphical hut mathematical ^^^ his mathema- 
tical principles, I fay, on the other hand, have 
been puflicd to the higheft perfeftion. It 
is therefore moft ufeful for compleating the 
fcience, which his labours have fo much for- 
warded, to revife and difcufs his phyfical te- 
nets, fo as to remove all ambiguity, and 
either render their reality incontrovertible, 
by a phyfical invefiigation of their exiftence, 
or elfe make what additions thereto may be 
found neceflary by experimental refearches 
through nature. 

One happinefs indeed which attends the; 
works of Sir Ifaac is, that his mathematical 
theory is expofed to no rift:, except that it 
may be too extenfively applied ; for this ju- 
dicious author founded his calculations on 
general phenomena, not on the nature of the 
caufe heaflumed : provided dien his mathe- 
matical theory be applied to proper objedts, 
it is a matter of indifference to him, whether 
the phaenomena of attraftion be produced by 
a drawing or an impelling caufe ; the ma- 
thematical law iscoUefted from phaenomena^ 
and is the true law of the force, whatever 
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phyiical in veftigatdon may difcover that S6tc^ 
br its agent to be. 

Having now laid a foundation for our in« 
vefHgations, and made the reader fomewhat 
acquainted with the method we intend to 
purfue, we fliall conclude this lefture by a 
few words in defence of our introdudion* 
Our obfervations on fpiritual fubftance, with 
what we have faid on the exiftence and attri* 
butes of God^ may appear a digreffion foreign 
to our fubjefi: ; but whofoever confiders phi- 
lofophy in its proper light, will not condemn 
fuch a deviation; for befides that God- is the 
caufe of caiifes, and confequently the true 
objeft of philofophy, it is requifite to have 
an idea of him, in order to inveftigate pro- 
perly his works ; for without a perfuafion of 
the divine power and wifdom, the philofo- 
pher will contrad the creation, diminiih its 
powers, and extenuate its grandeur, in order 
to fquare effeds with a limited and mifcon- 

ceived caufe. 

• .... 

Ic is alfo ufeful on every occafion to purge 
phflofophy of the fliameful errors with which 
it is too often defiled, and to explain every 
tenet which malice or ignorance could per- 
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vert, fo as to guard the whole againft all irij 
terpretations that might favour immorality 
or irreligion. But thefe were not our only- 
motives to adopt this uncommon method. 
Our propofitions, axioms and firft prin- 
ciples are founded on God and his attri- 
butes ; fo that we are neceflitated to follow 
this plan. For the perfeftion, uniformity 
and regularity of nature, are the true guides 
of a philofc^her, which if he will not take for 
granted, he muft trace them to their fource, 
to wit, the wifdom and power of the Crear 
tor. This we have done, and having, wc 
prefume, well eftablHhed our principlcSj^ 
ihall now proceed to inveftigate nature^ 
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SECTION L 


Definition of Matter, all Matter extended 
and folid ; but the univerfal Inertnels of 
Matter an urireafonable and falfe Suppo- 
fition. 


M 


ATTER is, at prcfent, defined by 
philpfophers, '* a fubftance extended, folid, 
" and perfeftly inaftive." It is undoubtedly 
true, that every kind of matter is extended 
and folid ; thefc two properties being fo cC* 
fential to all matter, that without them we 
^ah conceive no idea either of a material 
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fubftance, or of a material operation : for 
without extenfion, body cannot be con- 
ceived to have dinienfions, or to occupy 
fpace ; and without folidity, one body can- 
not be underftood to aft upon another^ fo 
as to produce motion,' or give rcfiftance. 
Nay, without thefe properties, all the beings 
and operations of material nature would 
efcape our knowledge ; for external objeds 
only affect our fenfes, either by their own 
immediate contaft, as in feeling, or by the 
impulfe of fome intervening medium, as iit 
feeing ; both which means of receiving fen* 
fation neceffarily require extenfion and foli* 
dity in the objeft of fenfe. 

That extenfion and fohdity are requifitc 
to excite feeling is immediately evident, 
fince we only receive this fenfation by the 
aftion^ or re-aftion of fome refitting fub- 
ftance upon the fcnfitive fibres of the or- 
gan. But the neceflity of extenfion and 
folidity for feeing, hearing and fmelling, is 
not fo obvious, nor fo generally known. 
All philofophers indeed allow, that an objeft 
becomes vifiblc only by the light which 
flows from it, and which having entered the 
eye, forms a perfedt image of the objcft on 
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the retina. This they prove by the experi- 
ment on the eye of an ox, or of any other 
animal recently kiUed, when duly prepared 
and difpofed for the purpofe. And even the 
moft illiterate perfon may perceive that light 
is the agent, which produces vifion, from 
his lofing fight of an objed, as foon as the 
light is interceptcdj which fhould render it 
viiible : this he may be convinced of by 
doling his eyes, or by placing his hand be- 
tween them and the objeft ; for in either 
cafe, the rays of light coming from the ob- 
jeft are prevented froiii entering the eye. 
Such is the dependence of vifion upon light, 
that at nighty if the lights in a room be 
extinguifhed, every thing becomes inftantly 
invifible therein. And, on this account, 
every part of the vifual organ has fome re- 
ference to light: the pupil, it is dear, is 
deftined to admit light, the humours of the 
eye to refraft and convene it, and the retina 
to receive the impreffion of the objeft. 

Now we know that light is a material fub- 
ftance, from, its being a transformation of 
tallow, wax, oil, or other fuch material 
fubftances ; for thefe matters when burned, 
are not annihilated, (the annihilation of fub- 
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ftance not being an operation of nature, btrt 
an exertion of infinite power, confined to 
God alone) they are only reduced to a more 
exalted and fubtile form, to wit, that of light.^ 
That the folar light is material, is alfo evident 
from its violent aftion and powerful effefts 
upon bodies in the focus oC a burning glafs ; 
and likewife from the refleftion and refrac- 
tion it ftiffers in meeting or pervading other 
bodies ; for a fpiritual fubftance cannot bd 
conceived to be refiefted or refrafted by the 
action or refiftance of matter. 

Smelling is produced by the aftual touch 
of an effluvium proceeding from an odorific 
body, and a<Sting uipon the olfaftory nerves. 
Hearing is excited by the impulfite ttemours 
of air, in the following manner : the tre- 
mours of the founding body excite a tre- 
mulous motion in the air, which afting oh 
the drum of the ear, communicates like tre- 
mours to the elaftic fpecies thereof, and thus 
a fcnfation of found is excited. .Thus our 
organs, being paflTive and material, every 
fenfation is excited by the touch, or impulfe 
of another material fubftance ; tangibility^ 
therefore, which implies folidity and exten- 
fion, is neceffary in the fubftance that excites 
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fenfation. Confcquendy, without thefe pro- 
perties we fliould have no intimation that 
external bodies exift : for it is only by fen- 
fation we are apprized of their exiftence. 
Hence, we rouft conclude from all our fcn- 
fations, that matter is tangible, /. e. extended 
and fblid. 

But that all matter is perfectly inadive, is 
a part of this definition which cannot be ad- 
mitted, for two general reafons. 

Firft, If all matter was perfectly inaftive^ 
we could not be fenfiblc of its exiftence ; 
at leaft we fliould have no fenfation, of thpfe 
bodies which are beyond the reach of feeling : 
for fuch diftant bodies only affeft our or- 
gans, which are of a neutral paffive nature, 
either by the adion of an effluvium, or of 
fome intervening medium, as we have fcen 
abovci NoWj our corporeal organs being 
matter, can only be affefted by another 
material fubftance; therefore, the efflu- 
vium, or medium by which they are af- 
fefted is matter. And this material fub- 
ftance, which affefts them, cannot be inert, 
as it ads upon them : the matter therefore 
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which gives fetlfatioii of diftant bodies c^-^ 
not be in^rt. 

Secondly, If all matter wsis inert, allnaturc 
^otild be torpid and dead ; there would be 
no vigour^ or principle of a^ion in the 
univcrfe, and confcquently no operation. 
Whence, in this cafe, the action of fire, 
air and water ? Whence the motion and 
circulation^ of fluids neceffary for vegetation 
and animal Kfe ? Whence, in a: word, all 
the operations of nature ? 

It is amazing how this idea: of all riiattet^'s 
being torpid and inaftive, could have en- 
tered into the mind of any philofopher, or 
how a tenet fo repugnant to reafon, and fo- 
contrary to experience, could have taken 
place in any fyftem of phyfics : for it is cer- 
tainly repugnant to reafon to fuppofe, that 
the Divine Power is as much exerted every 
nioment fince the creation, as it was in 
bringing the univerfe into being; as if the 
fame p'ower neceflary to produce a work 
was alfo neceflary to preferve it. . This, in- 
deed, might be faid with fome juftice of a 
phyfical caufe and its efieds : but fuch imbe« 
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dlity cannot be afcribed to an Almighty 
Agent. 

Even Wn. whofe wifdon,; pow«s and 

ability bear no proportion to thofe of his 
Creator, can contrive a watch, an engine, 
or fome fyftem of mechanic powers, and 
fliall adapt thereto a fpring^ which will con- 
tinue its motions for a certain tiitie, though 
he were a thodfand miles off, as well as if 
he were prefent. We muft therefore con- 
elude, that Infinite Power and Wifdom has 
at the creation made agents and adive prin- 
ciples, to perpetuate the operations of na- 
ture whilft the univerfe was to laft. This 
idea is certainly more Confonant to the di- 
vine attributes, than to imagine, that the 
divinity is conftantly impelling the particles 
of tnatter, and producing thofe lively ope- 
rations, which we every where behold 
throughout material nature. But uniefs we 
idmii fbfiie , matter endowed with natural 
liftivity, and an innate propenfity to move 
according to a certain direction, every action 
and motion in nature muft arife from a 
fconftant fupcmatural interpofition, which 
fcems derogatory of the wifdom and power 
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of the Creator. Doubtlefs then God, ifi 
the creation, brought forth each being en- 
dowed with the power and propenfity 
adapted to its deftination. No materials 
were wanting to Infinite Power ; no defici- 
ency of Ikill can be imputed to Infinite Wif- 
dom. If^ therefore, the art and perfeftion 
of human contrivance be difplayed in the 
many and permanent effeds produced by a 
fingle fpring, or principle of aftion ; cer- 
tainly it is more confonant to Infinite Power 
and Wifdom, to have created originally one 
or more fpecies of aftive matter imprefied 
with a certain invariable propenfity to ferve 
as permanent agents, or fprings in the ma- 
chinery of the univerfe, than by conftant 
and reiterated acts of his Divine will, to be 
continually giving various motions to all the 
particles of matter. 

But it is not from reafon alone we con- 
clude that Almighty God has framed fuch 
agents in material nature. The faft is clear 
from experience ; for the innate elafticity of 
the fprings, which mechanics employ, or 
the aftivity and power of fire, by which 
they arc wrought and tempered, point out 
material agents in nature, whofe power and 
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j)ropenfity were made at the creation, and 
continue invariable to this day. The Sun 
which revives vegetation in fpring, which 
renews animal vigour, and cheers all nature 
by its influence, mud certainly be an agent 
in nature. And although he be the moft 
confpicuous, he is not the only agent in the 
univerfe : for he has but one propenfity, or 
mode of aftion, which invariably preferves 
the fame tenor. There muft alfo be other 
material agents of different tenors to cffeft 
thofe things that are inconfiftent with the 
fun's power : for every material agent has 
its peculiar effence, from whofe ftated pro- 
penfity it cannot vary. 

Man, indeed, not being purely material, 
was made a free agent, capable of meriting 
rewards or puniihment: wherefore his fa. 
culties, which are peculiar to his nature, are 
under the dominion of his will. But brute 
animals mull: yeild to the inftind: proper to 
their fpecies. Vegetables muft follow their 
refpcftive natures. Fire, alfo^ and the cen- 
tripetal caufc, whatever it be, miift operate 
according to their refpeftive propenfities, or 
laws of aftion : and every fort of aftive 
matter muft purfue the power and conaltu 
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it received from the Creator, and perfomi 
the frinfiions he deftined it for, without li- 
berty, or ability of change. In all thefe 
things the aftions, * the lively operations, 
and the effcfts performed, ftrongly indicate 
material agents in nature : and the regularity 
of the eflfcfts, with their periodic returns, 
klfo denote the fixed and invariable laws,' 
according to which thofe agents operate. 

There are therefore in material nature 
agents, or efficient caufes, which the Creator 
has made to ftimulate aiid preferve the mo- 
tions of this great machine, to carry on the 
operations of the different parts, and to pro- 
duce the effeds for which thofe parts were 
deftined, accotdiiig to their places and order. 
For thefe agents, the Creator has allotted 
proper fuftainment, as far as is neceffary for 
their vigour and fupport : fo that their ac- 
tion continues, and fhall uniformly perfevere 
for the deftined duration, with, or without 
his farther attention* This permanence we 
fee fomewhat exemplified even in the works 
of mechanifin, which arc fo conftrufted, as 
to continue their operations for a certaia 
time, whether the artift looks to them, or 
not : however, with this difference, ths^t 
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fiuman contrivances are weak, impeifcft, 
and fubjed to decay; while the works of 
Omnipotence are perfeft and permanent^ 
according to the end defigned, acid fhp teriQ 
marked out £ot their exiftenqe- 

It was the opinion of the ancients, before 
allrononiy was much cultivated, that eclipfes, 
which they called faintings, or weaknefles of 
the fun or moon, were produced by the im- 
mediate agency of tie Supreme Being, in 
order to declare his difapprobation of cer- 
tain anions, whether of individual?, or of 
whole nations. But more ipodern aftrpno- 
mers have found thpfe pl^aenomeaa to be the 
refult of certain pern^anent laws, according 
to which the planets move round their 
orbits, ao4 thus induce afpeds and donga- 
tipns, conjunctions and oppofitions; and, 
confequendy, tranfits and eclipfes : all thefe 
phaenomena are now calculated and foretold 
by aftronomers according to certain rules, 
which could not be inveftigated, were there 
npt fettled law;s eftablifhed in nature. Now 
we find the operations and productions of 
nature, as well as the powers and propenfi-? 
ties of her beings, equally ftated and regular; 
ihey have therefore, as well as the celeftial 
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bodies, certain laws to regulate their mo- 
tions, and certain caufes to produce them. 
Again, as the cflFefts and operations of thefe 
caufes are material (j>er 3d propofition) the 
caufes are alfo material, and are thofc very 
material agents whofc neceflity we have in- 
ferred from the wifdom of the Creator, 
and whofc actual exiftence experience points 
out. 

Thefe material agents, though hitherto 
undifcovcred, may hereafter be as well 
known to natural philofophers, as the orbits 
of the planets are now to aftrpnomers : and 
thofe who require an actual agency of God 
for performing the operations of nature, 
may hereafter be thought as deficient in 
philofophy, as thofe who formerly imputed 
eclipfes to a fupernatural caufe, at prefent 
appear to have been in aftronomy. 

What we have faid on the fubjeft of ma- 
terial agency, is a general refutation of that 
part oi the definition to which we have 
objected; for once admitting material agents, 
or certain fpecies and portions of matter, 
endowed with a power and invariable pro- 
penfity to act, according to a certain law, 
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ivQVx the creation to the diffolution of the 
world, it npceflarlly follows, that all matter 
is not ina<9ive or inert ; for fuch fpecies or 
portion is really aftiye: confequently, the 
definition of matter muft be corrcfted, as 
it ought to contain no properties but ftich as 
are common to all matter whatfoever. How- 
ever, as it is alfo certain that feme matter is 
incirt, we fhall now examine this property 
more particularly, in order to determine 
by experiment, what body or fpecies of mat- 
ter is really inert. 
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SECTION 11. 


Teft to determine the inertnefs of bodies. 
No body found inert. Falfe notion of 
the caufe and ratio of inertnefs. 


INERTNESS of body or matter is an inabi- 
lity therein to change, or alter its condition, 
ftate, or figure, be either what it may, until 
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fome external caufe or force ads upon it to 
make the change. 

To this definition of inertnefs, we fliall 
annex three explanatory cafes, that will pre- 
vent confufion of ideas, and obfcurity of 
terms; afterwards we fliall bring body or 
matter in general to the teft. 


CASE I. 


If an inert body be at reft, it cannot acr 
quire motion of any kind, without the ac^ 
tion or force of an external caufe ; or if it 
be in motion, it cannot, without fuch ^ 
caufe, come to a ftate of reft. 


CASE II. 

If an inert body has been reduced to a dif- 
ferent form or figure, by any external caufe,, 
or if any impreffion be made on it, which it 
had not before, it fliall not recover its former 
condition or figure, nor throw off, or deface 
the imprcflion newly received, without the 
aid of an extraneous caufe. 
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3ut if the body, by any innate power, r€- 
^umes its priftine figure or condition, or 
makes any effort to regain it, fuch body 
cannot be really inert; and whatfoever be 
the effort that any natural power thcreiu 
makes to regain its former condition, or de- 
face the impreilion lately made, fo much 
mull the body or its parts have of innat^ 
power, which is the reverfe of incrtncfe. 

Now if we try eyery body or kind of mat- 
ter in the world, not one fliall be found to 
ftand the teft of the firft cafe; for, hold out 
a ftone, or any other body in your hand, as 
if you meant to place it in the air, tie in- 
fiant you let it go it ihall fall to the ground, 
if it be not fet to reft upon fomc other body 
that will fupport it : now j(ince this body did 
not remain at reft in the part of univerfal 
fpace you defigned to place it in, it cannot 
by the firft cafe be inert, except the motive 
force, which made it fall, was from an ex- 
ternal caufe. This motive caufe is called 
gravity ; the queftion therefore is to deter- 
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mine whether gravity be innate in the body, 
or not. 

If gravity be an innate caufe in the body, 
or its parts, whereby its defcent is thus in- 
duced, per third cafe, it cannot be really in- 
crt, but, on the contrary, it muft be al- 
lowed to have an innate power of adion, in 
proportion to the velocity or force that the 
power of gravity generates in it when falling. 

But if gravity is proved to be a power, or 
caufe of motion extraneous to it, the body 
ihall, notwithftanding the velocity or force 
it gains by the fall, be allowed to be inert, 
according to the firft cafe. Confequently, a 
a lump of lead, a ftone, or any other body 
cannot be allowed to be totally compofed of 
inert matter, until gravity is proved to be 
an extraneous caufe, and not by any means, 
innate in the body. 

Again, perhaps there is not a body in the 
univerfe which will (land the teft of the fe- 
cond cafe, on account of fome degree of in- 
nate elafticity : for there is no body of any 
kind, if bent or preffed, that will not, when 
the caufe of preffure is removed, make cf- 
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forts in fomc manner to regain its former 
figure, or whofe parts will not operate to 
recover their former flate. Therefore, by 
tke third cafe, fuch body cannot be perfedly 
inert, but, on the contrary, has an innate 
power or aAion, proportionable to the ef- 
fort it makes to recover its former ftate and 
figure. 

Befides the above cafes, the powers iii bo- 
dies to excite fenfations of their various qua- 
. lities would be a proof of their not being per- 
fedly inert; for without fome power in a 
bqdy, how could its odoriferous particles 
come forth, which, however, are often per-- 
ceived at a coufiderable diftance ? How could 
it impart a guft, or excite a found ? 

That a body fliall have thefe powers to a<9:, 
and at the fame time be fUled perfedly inert, 
that is, void of every kind of power to ad, 
is a plain contradidion in terms ; fuch an 
idea is inadmiilible in fcience and repugnant 
in nature. I believe it is an acknowledged 
axiom, at leaft it has been proved in our 
firft ledure, that the fame fubftance cannot 
have oppofite effences ; if fo, no one fub- 
ftance, uncompounded part or particle of 
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matter fhould be endowed with oppoiite e£r 
fences. Therefore, the oppbfitc" powers and 
qualities we find in any one Body,* muft arifc 
from different principles therein, i. e. from 
different fpecies of matter Endowed with 
their refpeiftive effences, Thefe different 
fpecies, when united togeth*, form a com- 
pound body endowed with the powers of all ; 
and the different powers a body exhibits, in-* 
dicate the feveral fpecies of matter that enter 
into its compofition ; for when thefe powers 
are oppofite, or inconipatible, each muft be 
effential to a diftiii<a: fubftance. Thus the 
matter of fire or flame muft be different from 
gravitating matter, being of oppoiite powers 
and propenfities j and both thefe fpecies of 
matter muft again differ from inert matter^* 
which has no propenfity except that of reft-- 

Thus we have in nature three diflinft fpe^ 
cies of matter. The effefts of the two former 
are fufficiently known by daily experience ; 
the iaft may be inftanced by the pure white 
aflies of paper, which are void of cohcfion, 
elafticity, fmell, tafte and all other qualities 
and powers, except gravity, which if not in* 
nate in body, thefe, as well as the ultimate 
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refiduum of animals and vegetables, when 
purged of their falts, are perfcftly inert ; for 
they are deftitute of all qualities except exten- 
fion, tangibility, &c. without which we can- 
not have an idea or fenfation of matter. 

It is my opinion that neither gravity nor 
inertneis is efiential to all matter, for two 
reafons. Firft, we can have an idea and be 
feniible of matter, without a notion of either; 
and fecondly, light, which we have proved 
to be matter, feems to have neither inertnefs 
nor gravity, which fliall be examined hereaf- 
ter. Confcquently, the 'primordial matter 
which is faid to have been without form, 
/. e. without qualities before the Creator 
brought light into being, was inert. This 
alfo may hereafter be farther conlidered : at 
prefent we fliall examine the notions of our 
modern philofophers with regard to the inert- 
nefs of matter, which we fliall take from the 
Philofophia Britanica. This work has been 
collefted and compiled by a Mr. Martin from 
the beft treatifes, he fays himfelf, on phyfics 
now extant. 

*^ Vis inertia j'* fays this author, vol. i. 
page II. " (as Sir Ifaac Newton called it) Or 
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** the inaftivity of matter, is that property of 
it, by which it endeavours to continue iii its 
ftate either of motion or reft, or by which it 

** refifts the action and impreffions of all other 

** bodies, which tend to generate, or deftroy 
motion therein. This power or force of 
matter** (continues he in a note) " arifes 
wholly from its fluggiflinefs or ina<^vity, 
and not at all from its gravity, as fome (of 
no fmall name) have miftakenly conceived 

«ofit.** 

This affertion, viz. that inertnefs, or the 
power of refifting the generation or deftruc- 
tion of motion, proceeds not from gravity, 
he proves, by fliewing that a force impreflTd 
in an horizontal direftion, produces the fame 
eflfeft, or carries a body through the fame 
fpace, in the fame time, whether gravity afts, 
or not ; fo that as the fame force is required 
to give that horizontal motion in both fup- 
pofitions, he concludes, that inertnefe which 
renders this force neceffary, doth not depend 
on gravity, but arifes folely from the nature 
of inaftive matter, and is, on that account 
ever proportional to the number of particles 
or quantity of matter in bodies. This proof 
is certainly ingenious j however, it is not ia^ 
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tisfaftory; noi* is the laft inference drawn 
from it juft. In the firft place, gravity is 
only removed in fuppofition, not in reality ; 
which makes a great diflference : for when 
gravity is only fuppofed abfent, the author is 
at liberty to fuppofe that the eflPeft of the ho- 
rizontal force is the fame without gravity as 
with it : but if the effeft of gravity was not 
fimply fuppofed abfent, but by fome con- 
trivance really removed, then we ihould find 
by experiment, without taking it on the 
word of any author, whether the horizontal 
force (hould have the fame effed with, and 
without gravity. This we fhall endeavour 
to remedy, by contriving methods of re- 
moving the effects of gravity, and then try- 
ing whether inertneis, as this author ima- 
gines, will vary according to the quantity of 
matter. 

Get two bottles or bubbles of glafs, very 
different in magnitude, put fhot or fand in 
each, fo much as will bring them to the fpe- 
cific gravity of water ; now it is evident, they 
will remain at reft in any part of a Veffel of 
water that you place them in, and their gra- 
vities will have no effeft, the bodies being in 
equilibrio with the water : fo that their vis 
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inertia fliall be the fole impediment to theil^ 
motion, except that the fluid will refift their 
fmalleft motions, in the proportion of their 
furfaces, againft which it reads. 

The bubbles may be fo different in magni* 
tude, that one will take a pound or two, and 
the other but an ounce of fand, to bring 
them to the fpecific gravity of water. Both 
being fufpended and at reft in the fame 
depth of water, fee the different forces or 
weights neceffary to ftir them ; each force 
being noted, and divided by the fquare of 
the diameter of its refpeclive body (to allow 
for refiftence), if the quotients in both are 
found to be the fame, the vis inertia muft be 
the fame, notwithftanding their difference 
in quantity of matter. 

The forces to ftir them in the fluid may be 
thus accurately determined. Let the bubbles 
have a wire hook infer ted in correfponding 
parts, to receive a thread that may be tied to 
one end of a ballance, at the other end of 
which let there be a fcale to receive the 
weights or grains neceffary to ftir the bodies 
in the water ; thefe weights being divided by 
the fquares of the diameters of their refpec- 
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tive bubbles, the refulting quotients will ex- 
prefs the proportion of their vis inertia. It 
will be worth while to make this apparatus 
accurately, not only to determine this quet 
tion, but others concerning the tenaciouf- 
nefs of different fluids, which Ihall be as the 
weights that give motion to the fame body 
in them, when as above reduced to their re- 
fpedive fpecific gravities. But as it is not 
fcafy to remove an eftabliflied principle, I 
jhall add another experiment, which admits 
of mathematical demonffratioh.' 

• • 
Let a box or canifter, wherein differcnil 
weights may be put occafibnally, be fufpended 
like a pendulum, at different lengths propor- 
tioned to the weights contained ; if you al- 
low a foot from the point of fufpenfion to 
the centre of the box, when a pound is iii, 
allow twenty feet for twenty pounds, fo that 
the pendulous lengths fcall be as* their 
weights. Let an hook of wire be inferted 
at the central part of the box or canifter, to 
which a thread is fixed that will ftretch hori- 
zontally over a very free pulley j and at thd 
bther end of this thread let a fcale be joined, ^ 
to receive the weights or grains that wdll 
dvaw the box afide from the vertical line of 
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free fufpenfion ; then note the weights or 
grains that will draw the central part of the' 
box, when loaded with each weight, the 
length of an inch, or even the tenth of an 
inch from that verticjd line, and you have 
the force of inertnefs in each weight, ex- 
preffed by the grains that move it from 
that line: for whatfoever moves the body 
ovcrcom«s its vis inertia. 

We learn from the dbftrine of inclined 
planes, that where the length of the plane 
is the fame, the force of afcent or defcent in 
the fame or equal bodies flxall be as the height, 
ot" as the fine of its angle of elevation. Hence 
the forces to move the fame, or equal bo- 
dies through arches of equal chords &all be 
as their verfefines : but if the length of the 
plane and its height, /• e. the chord and its 
verfefine arc given, the forces of defcent in 
different bodies, or the force's to drive them 
up, will be as their weights. Confequently, 
when the verfefines of equal arches, and the 
weights of the bodies vary, the forces muft 
be in the compound ratio of both ; and 
therefore, when the weights and verfefines 
are reciprocal, the forces to move them muft 
be equal : and therefore again, if the fame 
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weights or grains ftir, /. e. overcome the vis 
inertia of thefi; bodies that have pendulous 
lengths, fo proportioned to their weights, 
or draw them through equal chords of dif- 
ferent circles, fuppofe but the tenth part of 
an inch, their vis inertic^ muft be equal. 

« 

For wc know the chord of an arch is a 
mean between its verfcfine and the diameter 
of the circle. Therefore, when equal chords 
arc taken in different circles, the diameters 
and verfefines muft be reciprocal; but the 
weights are as the diameters, or pendulous 
lengths, that isy inverfely as the verfefines : 
therefore, when the bodies are fufpcndcd 
by pendulous lengths that are as their weights, 
they fhall be moveable by equal weights, or 
forces, except their vis inertia take effcft; 
and whatever that be, fliall now be expreff- 
cd by the different weights or grains in the 
fcale, which are found neceffary to move 
thefe different bodies* We faid the number 
of grains to draw the body afide through 
^qual arches, when fufpended by lengtlis 
that are as the weights ; but in this fome 
confideration muft be made for a greater re- 
fiftance, which the longer pendulum n^ieets 
with, efpecially if the box is lower where 
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the air is more denfe. Befides, the greater 
weight will caufe a greater friftion at the 
centre-pin, from whence it is fufpended: and 
in the bending of the chord, there is more 
difficulty when the weight is great. In all 
experiments, every circumftance muft be at- 
tended to, otherwife the experimcntalift will 
fall under the imputation of ignorance, or 
juglary, which, though not equally cenfu* 
rable, equally obftruft the difcovery of truth. 

Now, when thefe experiments are accu- 
rately made, and every circumftance confi- 
dered, and duly valued ; if the difference of 
forces to ftir thefe two bodies, one of a 
pound, and the other of twenty pounds^ 
whofe dijQference is nineteen pounds, is found 
to be but a few grains, which may be occa- 
fioned by the refiftance of the air, or fuch 
extrinfic caufes ; vjs inertia may be con- 
fidered as the fappie in all bodies, and there- 
fore to be negkded in every computation, 
being a conftant invariable quantity in all 
heavy bodies, great and fmall, which admits 
of no various degrees, increment, or force* 
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SECTION III. 

What the terra vis inertia means, how it may 
be applied, v%^hence the notion took its rife, 
and why fo much infifted upon. 

THE term vis inertia fliould naturally ap- 
pear highly improper, on account of the ap- 
parent contradiction between the words vis 
and inertia^ the union of which nothing could 
juftify, but the neceflity of expreffing va- 
rious attachments to reft in different bodies, 
proportioned to their quantities of matter, 
and different from the attachments occafioned 
- by gravity. This notion has been fufflcicntly 
refuted ; fo that one body is not to be confi- 
dcred as more at reft than another, no more 
than one perpendicular line iCan be called 
more perpendicular than another. If a body 
be at reft it is abfolutely fo, and admits of no 
degrees more or lefs : in the fame manner, if 
a line be perpendicular to another, it cannot 
be fuppofed more or lefs fo, without deftroyr 
ing the idea of perpendicularity. 
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This term however might, through preju- 
dice or inattention, be reputed juft. For 
example, if we attempt to give a motion to 
a body diflferent from that of gravity, we find 
it already pre-engaged by a determination to- 
wards the earth's centre ; and this natural 
force is every moment making its eflFort 
againft any foreign force that can be applied 
to it, and muft be overcome before the body 
can be moved. Now a philofopher, who 
either has not enquired into the true caufe of 
thi« repugnance to motion in the body, or 
>vho choofes to confine himfelf to the effeS, 
will chop the matter ihort, and call this re* 
pugnance vis inertia ^ whatever be its caufe. 
Thus a mere efFeft of gravity may at length 
be considered as a force entirely diftinft fromi 
gravity j which error muft prove of very per- 
nicious confequencc, according as the mifta- 
ken tenet becomes univerfal. But force of 
reft in this cafe is juft as proper, as force of 
perpendicularity would be, if made ufe of to 
expreis the force wherewith a poft ftaads up- 
right, when fixed in the giound. Another 
f eafon for annexing the idea of force to inert- 
nefs was, to fignify fomething pofitive, pre* 
ferving in a moving body the force of impulfe 
if had firft received. But this perfcverajicq 
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of the firft impulfe, arifes Irom the body's 
having no power to dcftroy that impulfe : fo 
that in this cafe, a mere defeft of power 
is called vis inertia, whereas in the former, ■ 
that term exprefled a force which reaHy arofe 
from gravity. 

It alfo appears, from what has been faid, 
that inertnefs is not an univerfel property 
common to all matter ; except in a fcnfe 
whereby a fifh, frog, moufe, or any other 
animal, however afltive, might be ftiled in- 
ert. Thefe vigorous animals might in fome 
fenfe be called inert, in as much as they can 
neither give themfelves a progrcffive motion, 
nor ftop fuch a motion, when impelled to 
move, without fome fluid or folid body to 
work upon. For throw a moufe, or any 
other fmall animal out of your hand, it mufi, 
like a lump of lead, or'a ftone, go in the fame 
idiredion of the force imprefled, until its ve- 
locity is entirely abated, or until it meets 
fome obftade to grapple. However, notwith- 
fianding this inability to move, or flop its own 
motion, it cannot properly be called inert ; 
becaufe it exerts many aftive powers. There- 
fore no other matter is to be thought inert, 
on account of its wanting that power, while 
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it exerts others. Now it is clear, that few or 
no bodies are fo void of aftion or power, as 
to have no motion in their parts, to erait no 
effluvia, or to excite no fenfation : how hard 
therefore it is to find a body really inert 1 
Aflies, or the ultimate reftdimm of burnt ve- 
getables and j^animals, purged of their falts^ 
if fuppofedS'oid of gravity, may be looked 
upon as perfeclly inert, as we fuppofe the 
primordial matter to have been before light 
got exiftencc, which doubtlefs gave it vigour, 
warmth and vivacity, and confequently fu- 
perinduced on it elafticity, with a vegetative 
quality, by refolving it into diftincfc collec- 
tions of the homogeneous parts, for the va- 
rious purpofes of nature. 

This primordial rnatter, void of qualities, 
may be reprefented by a mift or fog, which 
we fee fufpended in the form of a confufed, 
undigefted, ftagnant fluid, without aftion, 
motion, or qualities, until the fun fhines veiy 
ftrongly upon it, v/hereby it is difperfed, and 
its homogeneous parts felecled and united to- 
gether for their refpeftivc purpofes. Its hu- 
mid parts coalefce to water, and feparate 
from the earthy parts, which fall to the 
ground ; the aerial parts tl;ereof being thi;s 
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4epuratecJ, become clear, and of a piece with 
jthe atmofphere. In this fog or mift, we fee 
no fign of gravity, of levity, of elafticity, or 
cohefion. 'Neither is it charafterized by 
light or darknefs, heat or cold in the ex- 
treme; nor by any other of thefe diftinft 
qualities which are fo obfervable in all other 

bodies ; it is therefore a true reprefentation of 

,' • • ■■ . . . . ■ 

the chaotic matter, void of form, 

»-.--■•■ • . 

It would not here be an impertinent en- 
quiry to afk, why the vis inertia of matter has 
been rendered fo univerfal by thofe very phi- 
lofophers, who make the aftive power of at- 
traftion equally general ? Or why they are fo 
tenacious of that torpid property, which feems 
inconfiftent with the operations of nature ? 
The vis inertia oi matter, according to thefe 
philofophers, implies a fluggifli force therein, 
which refills motion. This refiftance, they 
fay, is in proportion to the quantity of mat- 
ter, or to the vis inertia pf what ftands in the 
way or pafTage of the moving body ; whence 
we are to underftand, that where motion is 
perpetual, there can be no refiftance, /. e. ac- 
cording to this doctrine, no matter, but a per- 
feft vacuum. Hence we fee that the vis iner- 
tia of matter fecms to induce the neceflSty of 
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a vacuum in the planetary fpaces ; that pro- 
perty is therefore the greateft fupport of the 
reigning fyftem, and fhould be obftinately de- 
fended by all who undertake to maintain a 
vacuum. But this tenet is as contrary to our 

knowledge and experience in nature, as the 
inertnefs upon which it is founded, is incon- 
fiftent with her operations. For the body of 
an animal is not a vacuum, yet the circula- 
tion of its blood and other fluids is conftant 
and regular. A vacuum is not neceflary in 
the fea, to facilitate the motions of fifhes and 
fliips } on the contrary, this fluid is to both a 
vehicle : nor could birds or clouds move in 
the air^ without a correiponding vehicle: 
ibould xvot the planets therefore, according 
to Newton's fecond rule of jAilofophizing, 
to wit, that like e&fts fhould have like 
caufes, have fome medium, or like vehicle 
for their motions ? Would siot fuch a medixmi 
be more aiialogoos to the other woiii^s and 
motions of nature ; and alfo more confiftent 
with Infinite Power and Wifiiom, than a va- 
cuum ? If pfailofophers can thus depart from 
analogy, by what means ihall they comie to 
the knowledge of things that are beyond the 
• reach of their fenfes and experience ? By what 
rules Ihall they ercft a fyftem of phyfics ? If 
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analogy, grounded on experience, is not at- 
tended to, according to that fourth rule 
which Newton eftabliflied in order to exclude 
conclufions arifing from hypothefes, and to 
admit none but thofe founded on experiment, 
their fyftems muft be in a great meafure ideal 
or imaginary, Doubtlefs then the neccffity 
imift have been unfurmountably great, which 
has thus obliged them to ftep afide from the 
known courfe of nature ; and to depart fo 
far fromi the fcientific train of analogy, as to 
lofe fight of the principles and vehicles of mo- 
tion they had, and have in conftant and uhi* 
Verfal experience- 

This neceffity feems to have proceeded from 
the admiffion of fome principle, which is pro* 
bably as erroneous, as its confequences are 
falfe. This principle can be no other than 
gravity, which is held forth as the primum 
mobile of nature, or the chief agent which 
tarries on and preferves the planetary mo- 
tions. Gravity is defined the power and 
force, &c. by which bodies near the earth 
tend to its centre, and planets to the fun. 
Some fay it is an univerfal property of mat-' 
ter, but Newton declares he does not take it 
for an effentid property- Some perfons will 
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have it peculiar to matter, and yet make i€ 
aft with full force in vacuo ; almoft all agree 
in making it the caufe of nature's operations ; 
yet no one, has determined its particular refi- 
dence, adequate fubftance, or peculiar effence; 
but when they are urged for its particular na- 
ture and refidence, they give the univerial 
falvo, to wit, that God made it, that, ac- 
cording to his divine ordinance, it obtains 
in nature, and is the caufe of her motions. 
Thus, contrary to our axioms, which were 
deduced from principles grounded on the 
works of the Omnipoteiit Creator, and which 
are quite conformable to his infinite wifdom ; 
material effects and operations are admitted 
without a material caufe or agent, a power 
without an adequate principle, and an efTcnc^ 
without its proper fubftancc. 

In fliort, fince philofophers attribute neithei' 
effence, fubflance, nor any thing material to 
the aftion of gravity ; fince they make this 
power aft in fpaces void of any material fluid 
to caufe or exert it ; they miifl mean that it 
is an immaterial power exerted by diflant 
matter. This is the only conception which 
can give any confiflency to their other opi% 
nions ; for the planets being aftuatcd by 
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gravity, which is immaterial, may move in 
vacuo ; whereas if they were aftuated by a 
m.aterial power, the fpaces they move in 
could not be a vacuum, as containing the 
material fubftance exerting that material 
power. 

Thus vis inertia introduces a vacuum ; and 
to preferve this vacuum, the caufe, which pro- 
duces motion therein, muft be an immaterial 
one, the idea of which is fubtly conveyed 
by the ambiguous term atira£lion. But as 
hypothefes have been long fiiice exploded^ no 
phyfical principles fhould now be admitted, 
but fuch as are conformable to the fimplicity 
of mechanilm, whereby an AU-wtfe Being 
muft be fuppofcd to govern the world ; and 
even fuch principles and faculties as are 
proved to exift in thofe parts of matter fub- 
jeft to experiment, if by experiment alfo 
they are found confined to matter of a certain 
nature, while bodies of another kind are ob- 
ferved totally exempt from them, in this cafe, 
I fay, they are not to be called univerfal pro- 
perties of all bodies* Neither are mathemati- 
cal calculations, however ingenious, to be 
looked upon as a confirmation of a phyfical 
fyftem, or as refponfible proofs of the aftual 
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being of the agents fuppofed : bccaufe ma- 
thematics only compute and afcertain the 
ratio and proportion of the forces fuppofed y 
but never indicate the nature or caufe of 
thofe forces j it being very eafy to adjuft 
ratios on falfe principles. As for inftance, let 
a centripetal force aci: in a certain ratio, if 
once the law of this force be difcovered, its 
cflFcas may be truly calculated by mathema- 
tics, without knowing or determining, whe- 
ther this centripetal force be attractive, or 
compreffive. This Newton himfelf acknow- 
ledges. " What I call attradion,''' fays he, 
"may be performed by impulfe, or by fome 
" other means unknown to me.'* Further, 
that mathematical calculations may be juft, 
though grounded on falfe fuppofitions, is 
ftrongly exemplified in the Ptolemaic fyftem, 
which is confeffedly contrary to nature ; ne- 
verthelefs, in this fyftem; tranfits and eclipfes 
were foretold, the rifmg and fetting of the 
fun and ftars adjufted, and all phenomena 
fo calculated and explained, as, to render it 
a]pj>arcntly indubitable. 

After thefe obfervations on the inertnefs of 
matter, it is natural to go in fearch of tfiofe 
aftive powers, which have been remarked to 
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fubfift in all bodies, fuch as elafticity and 
gravity, and to examine whether thefc 
powers be univcrfal in body, or belong to 
particular kinds of matter : and if the latter 
be the cafe, to afcertain the fpecies of matter 
to which each belongs. However, as gravi- 
ty is very obfcm*e, we fliall for the prefent 
confine ourfelves to elafticity and its caufe. 
This fliall be the fubjeft of the following 
Leftures j in the courfe of our refearches, 
fome vifto may open to conduct us to the 
nature and caufe of gravity. 
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LECTURE IIL 


On the Elafticity of Bodies. 
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SECTION I. 


An elaftlc Principle in Vegetable, Animai 
and Foflil Bodies, with Remarks thereon. 

JCjLASTICITY is that reftorative power in 
body, whereby it regains, or endeavours to 
' regain its former figure ; or whefeby the 
parts of a body prcffed make effort to reco- 
ver their places and former ftate, when the 
preffure is removed. In the preceding lec- 
ture we have feen, that a body perfeftly 
inert would not only be incapable of pro- 
ducing or deftroying motion in itfelf, but 
even of refuming its former figure, if bent 
or preffed : and we may now add, that if 


OF THE ELASTICITY, &c. 99 

inerttiefs were an univeirfal property com- 
mon to all matter, fenfation could no long- 
er be excited according to that natural 
mcchanifm, which phildfophers fo much ad- 
mire. For external objefts, being totally 
inert, could have no powei: of acting on 
our organs by their own fubftance; nor 
could any intervening medium exert that 
aftion ; for this alfo, being material, would 
neceffarily be inert. Thus, fenfation not be- 
ing excited by material agency, nor having 
any connexion with body, the ingenious 
Berkley might have drawn from this fup- 
pofed inertnefs a forcible argument to im-" 
pugn the exiftence of bodies. But though 
inertnefs was not produftivc of fuch abfur- 
dity, no philofopher Ihould fuppofe, or al- 
low it to be univerfal. A body is not to be 
called inert on account of its being incapa-^ 
ble of moving itfelf, or flopping its own 
motion, if it contains an aftivc principle, 
which enables it to excite fenfations, to ef- 

r 

fufe its qualities , to unbend itfelf, or to re- 
cover its ftate ; for in as much as it is 
endowed with fuch an aftive or elaftic prin- 
ciple, in fo much do^s it exclude inertnefs. 
Now as the powers, wherewith matter is 
endowed, difcover clearly fome aftive prin- 

G 2 
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ciple ; to explore, afcertain, and define it, 

fhall be the purport of the following treatife* 

* 

The ufe of the bow proceeds from its elaf- 
ticity. The invention was obvious from 
bending the branch of a tree, which being 
let go again, will immediately fpring into its 
natural pofition. The ftem of a plant, or 
flower will do the fame, though not with 
fuch force J but any reftorative aft, how- 
ever weak, is a . proof of elafticity : there- 
fore, all kinds of growing, or frelh vege- 
tables, are in fome degree elaftic. Wool, 
hair and feathers are alfo evidently elaftic ; 
for, like vegetables, they have a rcftorative 
power, whereby they recover the form of 
their growth, when the caufe of reftraint is 
removed: now to recover their former 
j^ate, or make any eflfort thereto, is the teft 
of an elaft,ic principle. In like manner, if 
the flefli of any animal, recently killed, be 
preffed with the finger, the indented part 
fliall, on the removal of the finger, recover 
its former ftate* The parts of a living ani- 
mal will reftore themfelves ftill more vigor- 
oufly ; and it fcems, that this elaftic princi- 
ple in flefli becomes weaker, according to the 
time the animal is dead : for when it begins 
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to acquire a bad fmell, an indentment will 
remain ; or if the putrifying flelh has any 
reftorative power, its efFeAs are flow and 
languid, and the more fo, the nearer it ap- 
proaches to putrifaftion ; fo that, at length, 
its elafticity, nutrimental qualities and all 
other powers are loft, and feem to have been 
carried off by the rancid effluvia that effufed 
from the body while diffqlving. At length 
it is entirely reduced to pure inert matter, 
which is void of cohefion, elafticity, fhiell, 
tafte, and all the other lively qualities the ori- 
ginal body pofTefTed. This infiance leads us 
to think, that whatever is the caufe of elaf- 
ticity in animals and vegetables, the fame 
alfo is the fource of their other lively powers 
and qualities; for thefe powers come and 
go with elafticity, and feem not only con- 
comitant, but alfo connefted with it. 

Anatomifts, and all thofe who handle and 
make experiments on the intefline parts of 
animals agree, that they are all elaftic, 
which is immediately evident from the per- 
fpiration of an animal, from the fpring of its 
blood, when a vein is opened, and from its 
power in excluding urine and excrement. Thefe 
effeds and^ operations muft have an adequate 
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caufc. Anatomifts fpeak of a periftaltic mo- 
tion, but I mean, the caufe of that motion; 
wherefore, there certainly is an expanfive 
principle in the animal, which operates to 
all fides at once, as if it were from a centre, 
with claftic force, which is the caufe, and 
frimum mobile of all its motions, and of the 
circulation of its blood. The activity and 
ftrength of an animal likcwife depend on the 
iclafticity of its mufcles and other parts. 

Jlaving, then, afcertained a principle of 
clafticity in all kinds of vegetable and animal 
bodies, we fliall now examine, whether this 
property be common to foffiis ; for which 
purpofe we fliall firfl- aflign a teft, or ftandard 
to judge by. We have feen that a ball of 
wool, hair, or feathers, will, by the elaftic 
fpring of its parts, recover its figure and 
former convexity, the indented parts rifing 
to their places^ as foOn as the caufe of pref- 
fure is removed : and the harder one of 
thcfe balls is made, the more vigoroufly will 
its elafticity be exerted. Now if one of thefe 
balls be let fall on a flag, it will immediately 
rebound ; and the ftronger the ftroke, the 
more vigorous will be the rebound ; whereas, 
when the prefiure is flight, the reftoratioft 
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is proportionably weak and flow: from 
which inftance, and from common experi- 
ence it appears, that the reftitutive aft has 
fuch a relation to the aft of preflure, that 
both are alike forcible, or nearly fo. 

Now let two fuch balls be fulpended by 
two threads of equal length, from two pins 
fo fituated, that when they hang freely, 
they fliall touch in a point exaftly between 
their centres, fo that a line drawn through 
the two centres and the point of contaft, 
fhall be parallel to the horizon. Then let 
a perfon take one of thefe balls fo fufpended 
in each hand to a fmall height, as if to de- 
fcribe equal arches in the fame vertical plane ; 
on letting both fall at the fame inftant (that 
they may meet in the fame vertical line of 
free fufpenfion, in which they firft hung) 
they fliall flxike together, each having a force 
according to its weight and tlic velocity it 
acquired with the fweep of its fall ; and af- 
ter the flroke they Ihall rebound to fomc 
height along the fame arch through which 
they fell. 

Their rebounding or receding thus from 
f ach other after the ftroke, is a proof they 
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are endowed with an elaftic principle in fomc 
degree ; for the touching parts being preffed 
in by the force of coUifion, it was their re- 
ftorative forces, then reacting againft each 
other, that threw the balls afunder : fo that 
when the force, wherewith the preffed parts 
recover their places, is great, it fliall per- 
haps throw them to the height from whence 
they have fallen ; when it is weaker, it fliall 
throw them to a fmaller height ; but if they 
have no reftorative power, the preffed parts 
will not rife, or i;eaft, fo as to feparate the 
balls after the ftroke. In this cafe, they are 
faid to be i\on-elaftic ; and, in this cafe, we 
pronounce them inert, unlefs they havo 
power to excite the fenfationof fuch fenfible 
qualities as argue a motion in the body's 
parts. For as to gravity we conceive that it 
is not effential to all matter ; wherefore the 
body that is void of eiafticity, and gives no 
fenfation of fmell, tafte, or found, no mat- 
ter how heavy it be, may be looked upon 
as compofed of inert matter. However wc 
mull leave our opinion relative to gravity 
open to correction, until the point is deter- 
mined in the conclufion of our treatife on 
that fubjeft *• 


I» 


OF BODIES. los 

Hence, whatever two bodies of the fame 
kind or fpecific nature are thus fufpended, 
and thus let fall againft each other, fo as to 
ihike if they have any degree of elafticity, 
fliall feparate after the ftroke ; and con- 
verfely, any bodies of the fame fpecies thus 
fufpended and tried, if they are found to 
rebound or feparate after the ftroke, muft 
have fome degree of elafticity ; becaufe their 
reparation muft arife from a repulfive power, 
of the parts that are preffed by the ftroke : 
for if thefe parts had no repulfive power 
they could not repel, and therefore could 
not make the bodies feparate after the ftroke ; 
which is the teft of inertnefs, or of the want 
of an elaftic principle. Moreover, what- 
ever effort the preiTed parts make to reco- 
ver their ftate, will be exprcffed by the dif- 
tance of their feparation after the ftroke, or 
the height to which they rife : and this we 
fliall call the pendulous tejl^ to determine the 

elafticity of foffils, &c. 

» 

« 

Yet this cannot be a juft criterion, unlefs 
the pins, from which the balls are fufpended, 
are at a diftancc equal to the fum of the 
femi-diameters of both the balls, fo that 
in hanging freely they but juft touch ; and 
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then the fufpending threads fhall be parallel. 
Secondly, their centres muft be in the fame 
horizontal line, that the forges of concuffion 
may not be oblique. Thirdly, two bodies of 
the fame fpecies of matter, and equal in mag- 
nitude, muft be brought to this teft together ; 
and the refult of this teft fliall determine the 
degree of elafticlty in that kind of matter. 
Perhaps a table of the fpecific elafticity of 
bodies may prove no lefs ufeful in phyfics, 
or in the concerns of life, than a table of 
their fpecific gravities. The I'eafon we objeft 
to the bringing of two bodies of different 
kinds to this teft is, becaufe the reftoi-ative 
power of the elaftic body would affeft the 
non-elaftic as much as it does itfelf, for in fo 
much as it is the lively agent of reaction 
on itfelf, it is that of aftion on the other, 
wherefore both would recede equally from 
each other, and thus both would feem equal- 
ly elaftic. 

Now we fhall fliew how by this pendulous 
teft, a table of the fpecific elafticity of bo- 
dies may be raifed, for it may hereafter prove 
very ufeful to compare the fpecific elafticity 
of bodies with their fpecific gravity. It is 
the received opinion, that a body is perfectly 
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daftic, when the rejiitutive power of the 
parts is equal to that wherewith they are 
preffed \ and it is therefore faid that balls, or 
bodies that are perfectly elaftic (if equal, and 
fufpended in the manner we have direftcd) 
being let fall from the fame height, fliall, af- 
ter the ftroke, reafcend to that height again. 
It nmft alfo be remarked, that the velocity 
acquired by a pendulous body in falling 
through an arch of a circle, fliall be as the 
chord of that arch ; which is learned from 
the theory of inclined planes, and the motion 
of a circular pendulum ; and that the height 
to which a body rifes, or from which it falls, 
is meafured by the chord of the arch it de- 
fcribes : therefore if thefe bodies rife to the 
fame height from whence they have fallen, 
the velocity up and down being the fame, 
and the bodies the fame, the forces up and 
down muft be the fame. In which cafe, the 
reftorative power, or force of reftitution is 
equal to the force of the preflure ; therefore, 
when ftriking bodies rife to the fame height 
after the fliroke, from whence they fell be- 
fore it, they are faid to be perfectly elaftic, 
according to the common acceptation of per- 
\ feet elafticity, 
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Of all the bodies that have been thus cxr 
perlmented upon, the clafticity of ivory balls 
comes neareft to this perfeftion ; becaufe the 
arch through which they rife after the 
ftroke, wants but a little of that through 
which they fall : and as no body is found 
that will rife to the full height, it is prefumed 
there is not a body in nature perfeftly elaftic. 
Now to find the degree of elafticity in ivory, 
or in any other body, let tvv^o of the fame 
fpecies be made equal and fpherical ; and be- 
ing fufpended in the manner above direfted^ 
let each fall from an arch of fixty degrees, 
whofe chord fliall therefore be equal to the 
pendulous length. All bodies let fall from 
this height will acquire equal velocities in 
their defcent through this arch j confequent- 
ly the two bodies let fall together, being of 
the fame weight, will ftrike together with 
equal forces ; their reftorative powers fhaU 
therefore be expreffed by the velocities gene- 
rated after the ftroke: for the reftorative 
powers are the fole. caufc of the fubfequent 
motion. Now thefe velocities, and confe^ 
qucntly the reftorative power which gives 
rife to them, are mcafured by the chords of 
the arches, which the bodies defcribe in their 
afcent after the ftroke. For the quantities o^ 
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matter being the fatnc, the forces will be as 
the velocities, /• e. as the chords in afcent. 

A table may therefore be obtained of the 
fpccific elafticity of all cohefive bodies, which 
can be made fpherical, fuch as metals, glafs, 
ftones, and many other foffils ; alfo wood of 
every kind, bone, horn, ivory, &c. This 
table may be made from the lengths of the 
chords, or the degrees and minutes of the 
arches defcribed ; it might alfo be made from 
the verfefines of thofe arches; but as the 
arches are the largeft fcale, and their degrees 
moft in ufe, they deferve the preference. 

To prevent reftraint, we fliould obferve 
that it is not neceffary, according to this 
theory, to make any bodies of equal weight, 
except the two of the fame kind of matter, 
which are together brought to the teft ; but all 
the bodies thus tried muft be let fall from one 
and the fame height, vi%. from the fummit 
of an arch, whofe chord is equal to the length 
of the pendulum. Wherefore the pendulous 
length may be a foot, a yard, or any length 
at pleafure ; becaufe the aich of fixty de- 
grees being common to all, will give to all 
the fame propenfity arifing from gravity. 
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Any other given arch might be the com moil 
ftandard, but this is moft commodious, be* 
caufe its chord is equal to radius, and it will 
aflFord fcope and variety enough to anfwer all 
degrees of elafticity. In falling from this 
common height, all bodies, be they light, or 
heavy, have the fame velocity ; and the 
height in afcending gives the velocity gene^ 
rated by the reftorative force ; which gives 
the degi'ee or proportion of the elafticity in 
the fcale of that common ftandard, whether 
the bodies now tried have, or have not the 
fame weight with thofe that were tried be- 
fore. 

Of all metals copper is faid to be the moft 
elaftjc, for which reafon it, or brafs. that is 
made thereof, are moftly ufed for founding 
inftrum^ents, as drums and trumpets. Cop- 
per is often ufed as well as ivory to illuftrate, 
by experiment, the theory of elaftic bodies, 
after the manner of the pendulous teft, which 
we have juft explained. It may be ufeful to 
remark, that copper, when in ftifion, is dif- 
covered, by fad experience, to have a moft 
expanfive faculty ; a drop of water, at that 
time, having the fame efFeft on it, which a 
fpark of fire has upon gunpowder ; for a drop 
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falling into the furnace will make it burft 
forth with prodigious violence, whereby all 
things around are deftroyed ; or if a mould 
wherein it is caft has the leaft moifture, it 
will break forth in like manner. 

Again, on the other hand, lead is faid to have 
the leaft degree of elafticity, for which reafon 
balls of lead, as well as balls of putty, arc 
ufcd in experiments to explain the theory of 
bodies non-elaftic ; yet both thefe fubftances 
fliew a degree of clafticiity, by feparating after 
the ftroke in the pendulous teft we have men- 
tioned, which all philofophers allow to be a 
juft criterion. Wherefore, as no body can 
be found that will not thus rebound in fome 
degree after the ftroke, it is agreed that there 
is not a body in nature perfectly non-elaftic : 
confequently, whatever be the caufe or prin- 
ciple of elafticity, it is found in all hard bo- 
dies. 

Before we enter upon the elafticity of 
fluids, we fhall affign another ftandard where- 
by the elafticity of hard bodies may be deter- 
mined, not far inferior to the pendulous teft 
above explained. If any fpherical body be 
let fall upon a flag, it will immediately re- 
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bound to a certain height ; and the various 
heights to which fuch bodies rife, in rcfped 
to that from whence they fall, will exprefs 
their feveral degrees of elafticity. When a 
body thus let fall, rifes to the fame height 
from whence it fell, it is faid to be perfedUy 
daftic ; becaufe in this cafe the reftitutive 
power, which is the only caiife of the body's 
afcent, is equal to the force imprcffed : con- 
fequently, when a body is perfedlly elaftic, 
we muft conclude, that the force of its elafti- 
city is equal to the force of its gravity, fo 
that the former increafes by percuffion, as 
the latter increafes by the body's falling from 
greater heights. Therefore, when a body is 
perfeclly elaftic, whatever be the meafure of 
its gravity in falling from diflferent heights, 
will indicate the meafure of its elafticity, or 
of the reftorative force by which it rifes to 
the fame height again. 

Now as the force, wherewith different bo- 
dies fall from the fame height, is as their gra- 
vities, the heights to which they rife will 
cs^prefs their elafticities, the force of this 
power being as the fquare roots of the heights 
to which they rife refpeftively. For the fame 
reafon, the elafticity of bodies may be mea- 
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fiired by the heights to which they throw a 
given weight. F(m: inftance, the degree of 
dafticity in a fpring, may be difcovered by • 
letting a bullet, or any other inert body fall 
upon it, when fo diipofed as to make the 
falling body rebound perpendicularly ; if it 
throws the weight to the fame height, from 
which it has been lee to fall, it may, accord- 
ing to the received opinion, be fiiled per- 
fedly elaftic. What then Ihall we fay of the 
elafticity of gunpowder-flame, which will 
throw a body feveral hundred times higher 
than the moft elaftic fpring hithertd invented, 
and with a force and velocity ftill more 
worthy of admiration ? Surely this elafticity 
far exceeds the perfeft elafticity de,§ned by 
philofophers. Is it not therefore erroneous 
to affert, that there is not in nature a body 
perfectly elaftic, or to fet fuch narrow limits 
to this furprifing property of matter ? 

We have in this feftion afcertained elafti- 
city in all vegetable, animal, and foffil bo- 
dies whatfoever, efpeciaUy thofe which can 
be brought to the pendulous teft, we may 
therefore pronounce, that this property is in- 
herent in fome degree in all hard and foft 
bodies univerfally. 

H 
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S E C T I O N ll. 

An daS&c Prindi^e in Fire, and in Air. 

THE obfervadons and experiments we 
hive hitherto made have been confined to 
foiid bodies ; we ihall now trace the fame pro- 
perty of eiaiiidty through fluids, beginning 
with fire, the mod: fubtile and adive of all. 
t)od:or Boerhaave fliews from experiment, 
univerfal obfervation, and conftant expe- 
rience, in his hiftory of fire^ that there is not 
a body or fpace in nature void of fire. This 
point he proves with fo much perfpicuity and 
ftrength, that the world might be i^lagined 
every inftant expofed to a general confla^a- 
lion. In the courfe of his laborious invefti- 
gations, (which fhew that he paid the fhideft 
attention to the nature and properties of that 
powerful agent) he exhibits heat without 
light, and light without heat, which are 
both fenfible qualities of fire ; but he depends 
upon neither as an infallible tefl of its pre* 
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fence : to judge of this, he makes expa&* 
fion the only criterion ; becaufe fire fon^e* 
times fubfifts without light, and even with- 
out a fenfible heat, but never without expan* 
iion« Expanfion therefore, according tp 
Boerhaave^ feems to be the efleni^ of fire ; 
/or he fays that all bodies whatever, iolid or 
fluid, hard or ioft, light or lieavy, will, U|ioa 
the application of fire^ fwell, rarify, and ac- 
quire an increafe of magnitude and dimenr 
fionsy without any alteration in their weight. 
This law is confiant and univer&l, but ad- 
mits of this variety, viz. That in the fame 
heat, fluid bodies fuffer a greater degree of 
.jexpanfion than the hard and folid, and lightjqr 
bodies greater than heavier. With regard 
to which, he educes this univerfal rule, that 
the dilatation of folids, by the fame degree 
of fire, is in a reciprocal proportion of their 
refpe&ive denfities. 

Further, the doftor finds that bodies Of 
the fame fpecific nsiture, as for inftance, glais 
made in {Ingland, Bohemia, and Holland^ 
do, by th^ fame degree of heat, differ in their 
degrees of expanfion ; he remarks that the 
body which require? a greater force to melt 
it, will be le6 expanded, and that the pendu- 

H 2 
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lum of a clock will by heat increafc in length 
fo as to take up a longer time in performing 
its ofciHations : wherefore thofe which mea- 
"fure time exaftly in Europe, will become too 
flow in the torrid zone, and too fwift in the 
frigid; for they alfo fliorteri by extreme cold. 
Thefe difcoveries were made by French ma- 
thematicians feQt to both places in order to 
mcafurc a degree of the meridian. That the 
hardeR bodies expand by heat, Boefhaave 
thus proves ; having got two rods of iron, 
made of the fame dimenlions, and confe- 
quently of the fame length, one of them be- 
ing heated becomes fenfibly longer than the 
other, and alfo thicker, for when hot it flialV 
not enter the ring through which it would 
pafs when cold ; the hotter it is made, the 
more it is expanded, and fo its dimenlions 
continue to increafe, until it is melted. But 
when iron or aoy other metal is put in 
fufion, and becomes a fluid mafs, no a6lion 
of fire fliall increafe its dimenfions farther. 

Hence it appears, he fays, that fire, as it 
increafes from the greatefl; degree of known 
cold to the nioft intenfe heat, muft neceflarily 
dilate the parts of the hardeft body to which 
it is applied, and confequently move all the 
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particles of the hardeft mafs, both externally 
and internally, towards every point of its 
furface, as if its corpufcles, or very elements 
were expanded : whence he educes the reafon 
why the particles of metals in fiifion, are inti- 
mately blended together ; for it is known, 
he fays, that if a grain of gold be mi:!^ed witE 
an hundred thoufand grains of filver, the 
fmalleft portion of this compound, taken at 
any part, fliall contain its gold and filver in 
the proportion of i to ioo»oooj Mrhich experi- 
ment alfo proves that fire afts upon gold from 
its coldeft ftate to its moft intenfc heat, by 
expanding its dimenfious, and agitating its 
parts, until its cohefion is entirely deftroyed ; 
and though the particles may touch, they 
cannot cohere, while the fire exerts its force 
upon tliem ; but the fire being removed, they 
prefently unite in one folid mafs^ 

Without taking down fo many obferva- 
tions and condufions of this author, we rnigh^ 
have Ihewn that expanfion is the eflence^ 

or as the learned and profound philofor 
pher Bacon calls it, the fwrrn of fire ; foe 
without this expanfive nature, fire would b|^ 
ufelefs ; without fuch a centrifugal and pro-i 
pclling force, it could not fcudi forth its heat 
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to warm and chcriih the furrounding bodies, 
or tQ qualify and counteract the extreme cold 
of winter. 

The mode of operation, or innate propen- 
fity of this expanfive faculty peculiar to fire, 
is clearly ilkiftrated by the exploiive power of 
gunpowder when duly placed to blaft a rock, 
which is thereby fliivered to pieces ; for the 
fiiagments arc driven off by a centrifugal pro- 
pttlfion of the fpedes in the centre, from 
whence it expands with violence in all direc- 
tions. l%e ei^anfive power and elaflic fpring 
of this flame are beyond defcription; for^ 
though we may compute the force of gravi. 
ty in the rock, and its fuppofed vU inertia^ 
how ihaHwe contrive to meafure the force of 
its cohefion? However, all thefe taken to- 
gether, are not equal to the cXpanfive force 
of that flame, for as they yield, they arc in- 
ferior to it, and therefore infufficieilt to 
meiiftire it. And here it is wortliy of ad- 
irifration 'to obfeH«, that the natural power 
(tf^dxpaiiffoft'OT^ciafticity, which philofophers 
feldoin'^tend to in'the foltition of phstno- 
mena, triulfnphs over the natural powers (if 
ifuch th^yare»to be called) of gravity, at- 
iraftiob, and vis inertia^ which arc cqnti^ 
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nually held forth as the caufes of all phxno- 
^lena, and in fome meafure as the fole frin^^ 

cffles of nature. 

This expanfive mode of operation is evi- 
dent from the fpherical form wherewith a 
fingle grain, or even a large heap of ^n- 
powder burfts forth when fired; or by tl^e 
glowing fparks which iffue from very hojt iron, 
or from fiery fufed metals. It is aUb with 
fuch centrifugal propenfity, that heat ifiues 
forth on all fides from a fire, and light from 
the flame of a candle, or from the fun, beiqg 
propelled by an elaftic agency proper t];ieret(^ 
and driven out, as it were, from a centre, with 
a prodigious velocity in all dire£iions to yait 
diftances* Wherefore, the intenfenefk of heat 
Dr light, and the propelling force of this, elaf- 
tic principle upon any body,, muft be inyerfe- 
ly as the fquare of the diftance from the agent 
of thefe powers. 

The elaftidty of light, fimply confidered, 
muft be prpdigioufly great, fincc this fluid 
is fo reflexiUe as.to be fent back to us from 
the remoteft planets in our fyftem. Sir liaac 
Newton was of opinion, that fome power or 
effluvium emanates from opaque bodies, tf e 
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poliihed ones efpccially^ which reflefts the 
Ijight before it adually touches thcfe bodies : 
the fame he obferves of the glafTes of a te- 
lefcope, which prevents their adlual contad^ 
when laid on each other, except they are 
prefled together. Thefe emanations mufi; 
arife from fome expanfive or 'elaftic principle 
in thofe bodies, and not from the inertia of 
their matter. The odours of flowers, plants, 
and aromatic fpices alfo indicate fome fuch 
cxp<uifive principle in them, whereby their 
jigreeable fpecies is fent forth : for fuch a 
principle is more neceffary for the emiffion of 
this odorific matter, and other qualities, than 
in glafs, white bodies,' or poliflied marble, for 
the reflection of light. Since, however, mi- 
nute and accurate experiments difcover ah 
expanfive principle, in fome degree, in thofe 
hard and heavy bodies, certainly fife and 
ilame fliould ' al'moit entirely confift of it; 
JFor there is not a body in nature which fire 
will not fplit, confume, diflblve, or expand by 
the powerful operation of its elaftic principle, 
light is no lefs powerful, if we confider it^ 
e&<^ in the focus of a burning glafs, al- 
though in open fpace it difcovers no other 
power but that of illumination. Gunpowder 
likewife wilj exert no confiderable force, un* 


. O F BODIES- izt 

Icfs confined as in the chamber of a mine, 
or piece of ordnance ; but when thus ' re- 
firained, its expanfive power is prodigious j 
and perhaps that of common fire would not 
be lefs aftoniihing, could it be in the fame 
manner confined. 

To conclude then, we fee as well from the 
notes and obfervations of the induftrious 
Boerhaave (whom we have defervedly fol- 
lowed on this fubjed) as from our own ob- 
fervations, that the principle of elafticity not 
only exifts in fire, and is infeparable from it, 
but is its very effence. We have already 
traced it through folid bodies, and fhewn that 
it is common to animals, vegetables, and fof- 
fils ; two fluids only now remain, to wit, 
air and water, in which if elafticity be dif- 
covered it muft be allowed to be an univerfal 
principle in material nature. The authority 
of Boerhaave might indeed exempt us from 
the remaining part of this refearch ; but the 
fatisfadion which attends feeing things with 
our own eyes, will be an ample compenfation 
for the trouble of difculfion. 

Take a lank bladder, and having bound its 
orifice fo tight that nd air can get in or out, 
place it under a receiver,^ which being ex- 
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4w>fl»d, the bladder wiU fwcll to its fiiU ex, 
teat, as if it w:erc Wown up with introduced 
^f This experiment ihews the expanfive 
pover of aff } for the prcffurc of the atmo- 
i|»hcre being removed, by exhaufting the re- 
ceiver, the little air that remains inclofcd in 
the bladder, being freed from compreffion, 
ocerts its natural propenfity to expand, by a 
rq)iilfive powen ading from the centre in all 
diredions, as we have already infianced in 
fire, and gunpowder-flame. Hence we may 
infer, that every part or body of air, be it 
imall or great, is endowed with a faculty of 
eidai|^ng its dimenfions,- or an innate .power 
and popenfity to rarify itfelf. Sir Ifaac New- 
ton fiiys in his 31ft query, that in the pro- 
dttftton of air and vapour, the particles, when 
ihaken off ^from bodies beyond the reach of 
attradion, recede from them, and from each 
other, to above a million times a greater di- 
fiance than they were at! from each other, 
when in the body. This vaft contra^tipn and 
cxpaofion is not intelligible by feigning the 
particles of air to be fpringy and raipous, or 
rolled up like hoops, or by any other means, 
mikis t^ey are efidowed with a repulfive 
power/, which power is fUll more CQufpi- 
cuous in the ufe of tl}e air pump, and the 
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mode of cxhaufting the receiver, as beii^ t)ie 
principle and chief caufe of that operation. 

For an air pump being applied, every Qp*- 
ration of the pifton carries offa part itf the air 
contained in the receiver, not by any powfsr 
in the pifton to lay hold on, to attra^^ or 
draw off that part ; but it is excluded by the 
expanfive power of what remains withia; and 
thus, by the fucceilive operations of die pid 
ton, the contained air is vaftly diminiflied m 
quantity, and confequently is vaftly ranfied. 
But the whole of it uever can be carried off; 
becaufe fbme muft ever remain to force out, 
by its expaniive power, what has been ca^ 
duded; wherefore no veflel, nor receiver^ 
can ever be perf edly exhaufted of its w bff 
a pneumatic engine. 

Hence whatever quantity of air is confined 
within any veffel, or drcumfcribed ^fpzcc^ is 
equally denfe or rare at all parts j fo that all 
parts aft and prefs equally on each other 
throughout that whole fpace: conjequently^ 
tile expaniion of the confined air will ever in- 
duce a preffure of its parts, according to their 
aftion upon each other, that is, in the propor« 
^on of its dcnfity. Again, experimeiltalifts 
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find, by help of the barometer, that the pref- 
fure of air on the furface of the earth is about 
15 or 16 pounds weight for every fquarc 
inch. Confequently every part of the furface 
of an animal body, may be* confidered as 
equally afted upon by the preffure of the am- 
bient air^ and therefore the external preffure 
upon every animal, is at the rate of 1 5 or 1 6 
pounds weight, for every fquare inch round 
its body. Confequently, fome are preffed 
inwardly with a fof ce on all fides, equal to 
feveral tons weight, fome with hundreds, 
and the fmalleft infeds, even midges, with 
the force of ounces. Now to form a counter- 
pdife, that will preferve the tone and har- 
mony of the parts, the expanfive power in 
the internal parts of the animal, mufl; be 
equal to this preffure ; therefore the expan- 
five force afting from within muft be at the 
rate of 1 5 or 1 6 pounds for every inch fur- 
face round its body. 

Doftor Goldfmith defcribes the appearance 
and fufferings of a carp, in a large vafe of wa, 
ter, under an exhaufted receiver, to this pw- 
pofe. " During the operation, a number qf 
*' bubbles are feen ftanding on the fifli's bo^ 
** dy ; foon after, the animal will appear to 
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« breathe fwifter, and with greater difficulty: 
«« it will then be feen to rife towards the fur- 
" face to get more air, the bubbles on its 
" furfacp begin to difappear, the belly, that 
« was before fwoUen, will then fall of a fud- 
«^ den, and the animal finks expiring and 
« convulfed to the bottom/' 

Thus all animals perfpire, fwell, void frolh, 
and expire in convulfions, under an exhaufted 
receiver ; which proves, that their flefb, fluids, 
and inteftines are endowed with an elaftic or 
cxpaq/ive principle, which operates when- the 
exterior preflure is removQ^d. The torture of 
the animal likewife fhews, that its healthy 
eafe, and life, depend on the equilibrium of 
its powers, and the equal preflure on its parts: 
and if the animal, after this kind of death, 
was difle<9:ed and duly examined, it might 
be difcovered, that the heart and fome of the 
inteftines, or noble parts were lacerated, or 
at leaft their texture difcompofed : for the 
falling of the carp's belly indicates an efcape 
of the expanfive principle which fwelled it 
before, and which, in that explofive efcape, 
mufl: naturally have deranged the parts: and 
this diftortion of the parts, might be a more 
fudden and certain caufe of its death,^ .-than 
the want of air for refpiration, which may 
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be jodged of thus. Get two animals, of the 
feme kind, for inftance, two mice, let one 
^ under^ the recebrer, and tibe athet be 
dlrowned ; then fee are they equally recover- 
able m the fame length of time after death. 
I)fowned animals are frequently revived ; but 
it is my opinion, that any animal, whofe belly 
fells in the exhaufted receiver, after it has 
been fo fwoUen, fhall never recover, though 
Hot pcrfedly dead when taken out, the tone 
of the parts having Wn deftroyed by the for- 
cible exertions, or efcape of the elaftic mat<^ 
tcr which they contain, and whaein coniifted 
iKeir fpring and vigour. 

Thefe ohfervations may ilhiftrate the bane- 
ful power of arfenic and other pdUbns» 
whofe aftive part or very elaftic fpecies, 
when fet at liberty, is more expaniive than 
that of animal bodies. The poifon therefore 
bding dxflblved in the ftomach, lungs, heart, 
or veins, and Simulated to a&ion by heat, as 
gunpowder is by fire, burfls and deranges 
the containing parts, and occafions certain 
death. The fynlptoms confirm this explana- 
tion ; for the expinfion of the poifon being 
greater than that of the animal fub(lance% 
Ihould naturally produce the fwdling of the 
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body, the vomitting and cdnvulfions wUdi 
attend this wretched fiate. 

We have in our way faUen into 1^8 propOb. 
fition, to wit) the expanfion of confined aijr 
will ever induce a preflure of its parts, ac» 
cording to their adion upon each other, that 
is, in the proportion of its denfity ; the truth 
of which feems evident from the expeadineBtt 
we have mentioned ; there are manyjktheri 
which might be adduced, as a further cqofir* 
mation, but we fhall omit them, and ^nly 
add a few words in the theory, that ittay 
thence arife. If we aflume any given quan* 
tity of air, its denfity fhall be as the preffiire 
of its parts upon each other, that is, as its 
compreifion j and therefore the fmaller fpaoe 
it is comprelTed to, the greater its denfity, and 
confequently the more forcible is its power 
of expanfion or elafticity. Therefore, when 
the quantity and temperature of the air is 
the fame, its elafUdty fhall be as its denfity ; 
which will be as the compreflive force, and 
this fhall be inverfely as its bulk ; whence 
may arife the invention of tubes, which with 
the help of quickfilver, will bring thefe coii» 
dufions to the tefl. Tor, if a certain weight 
of mercury reduces air confined in a certain 
fpace to a certain bulk, double thit weight 
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will reduce it to half that bulk. Again, 
when the fpace or chamber wherein air is 
confined remains the fame, its expanfive force 
(hall be as the quantity comprefled in^ that 
ipace, and hence the invention of the air 

gun- 
There are experiments which prove that 
heat increafes the elafticity of air. Whether 
this is performed by adding more of the 
el2(ftic fpecies, or by invigorating that which 
the air originally contained, we fhall not here 
determine ; but certain it is, that heat enlarges 
its dimenfions, as is evident from the ufe of 
the thermometer, fo that we may conclude, 
on the whole, that the expanfive force of 
air is in the compound ratio of its quantity 
and heat, and the inverfe of its magnitude : 
whence the invention and ufe of fteam engines. 

The elafticity of air is alfo evident from the 
propagation of found. Experiments prove that 
found depends on air, as well as on the vibratory 
power of the founding body : for the ringing of 
a bell is not heard in a receiver when exhauft- 
ed, but clearly when full of air; and even ad- 
mitting air, without a bell or the like, there 
will be no found : confequently, found de- 
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pends on both conjointly. All philofophe^ ^- 
gree, that the tremours of the founding body 
aj:e communicated to the circumambient air 
that touches it. from whence thefe tremours 
a^ e propagated through the air in all direc* 
tions, in the form of fph^rical fliells, after the 
fame manner as wav^s arife in that part of 
water wherein a ftone or any other body is 
plunged, from whence they propagate, s^nd 
expand in the form of cpncentric circles to a 

confiderabl^ diftance. 

The velocity and extent of thefe tremours 
in air are known from the found, which is 
the effeft of their diffbfion, and whicfe is 
found to go at the rate of 1 142 feet in a ff- 
cond of time. This velocity of found is ^bove 
30 or 40 times greater thau that of any cur^ 
rent of air ever experienced, though excited 
by very great winds ; befides, foupd goes, 
not only fo much fafter th^n tfje wind, 
but even againft the wind, which proper- 
ties of found deferve a particular cpfifidera- 
tion. 

All philofophers agree that ^ir is the moft 
heterogeneous body in nature, as be^ng cpin,- 
pofed of the parts and particles of ail Jsinds 
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of bodies whatfoever ; for our atmofphere ij? 
the common recipient of all exhalations and 
perfpirations that arife from every kind, in 
either of the fofiil, vegetable, or animal king- 
doms. Not only the fpecies of falts, ful- 
phurs, metals and mercuries that are ex- 
haled by the fun, and excluded by the in- 
ternal heat of the earth, but alfo the exha- 
lations of fait and coal-pits, and of all other 
mines, caverns, and excavations of the earth ^ 
are carried into the atmofphere, along with 
what is fent from the bowels of the earth on 
all fides by the eruptions of earthquakes 
and vulcanos. Again, every vegetable that 
grows, k furrounded with its odorific and 
exuding particles ; not only thefe, but the 
bodies themfelves, when diffolved by rotten- 
nefe or fire, are tarried up and blended with 
the air. Moreover, the perfpirations and rcf- 
pirations of animals, the exhalations of their 
excrements, and even themfelves, when dif- 
folved by putrifaftion or othcrwife, are in 
like manner carried up and diflfufed through 
this univerfal refervoir, Befides all thefe,. 
this furrounding chaos is mixed with a prodi- 
gious quantity of water, that evaporates not 
only from the feas, lakes, and rivers, but 
from all humid bodies round the earth, every 
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feafon of the year ; as for inftance, how of- 
ten in the year are our ftreets wet and full of 
pudcUes, and again dryed by the wind or by 
the heat of the fun ! And if fo much water is 
carried into the air from one city by evapo«» 
ration^ how much, not to mention the feas 
and rivers, is carried up from all the ci- 
ties, fields, lands, and mountains round the 
earth ! Confequcntly our iatmofphere is a moll 
heterogeneous body. 

Now if we fhould fay, along with fome 
philofophers, that all thefe exhalations and 
evaporations are compofed .of inert particles, 
endowed with gravity ; if there was not fbme 
elaftic medium or expanfive fubftance to fuf- 
petid and buoy them up, wherein they fhould 
float, be blended and joined together; fhould 
we not, inftead of an extenfive and expanfive 
atmqfphere, fit for animals to breathe, and 
birds to fly in, have the earth furrounded 
with a moift, dark and fulfomc mift, or im- 
merfed in a denfe mire of chaotic matter ? 
Therefore our atmofphere muft have in its 
compofition a vaft ocean of matter, of an ex- 
panfive nature, void of gravity or inertnejfs, 
which receives and buoys up all the exhala- 
tions and. evaporations we have mentioned. 

I 2 
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Without an elaftic medium of this kind, 
difiufed throughout the air, the propagation 
of found Would be impoffible, much lefs could 
it outftrip the winds in velocity, or proceed 
in a dire<5i:ion contrary to them. For if the 
particles were inert, they would be void of 
all power to aft; confequently, unable to 
expand, propel, or reverberate, and there- 
fore incapable of producing the tremulous 
motion neceffary for the propagation of 
found. In this cafe, if by any extraneous 
agent thefe inert particles were fet in mo- 
tion, or excited to produce any effeft ; this 
eiBFed could not'|)recede their action, or be 
fwifter than its caufe. If therefore tremours 
were excited in thefe particles, they might, 
we'll fuppofc, excite the fenfation of found 
wherever the moving parts aftually fubfifted 
and exerted their impulfe : but the found 
thus produced, could neither move fafter 
than the particles, nor in a contrary direc- 
tion ; for as by hypothefis they are its only 
vehicle, it could not move fafter than they, 
or go againft them : confequently, the mo- 
tion of found would depend as much on the 
motion of the air, as the motion of a cork 
does on that of the ftream which carries it 
down. Wherefore found, were it propagated 
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by the inert and grofs parts of air, could 
neither go fafter than the wind, nor could it 
by any means go againft it. Experience how- 
ever proves, that found outftrips the wind, 
and is propagated againft it ; confequently, 
the vehide of found is not the£e inert and 
grofs parts of the air, whofe current produces 
wind, but (bme fubtile, expaulive medijum, 
which buoys up tliefe inert particles, which 
reverberates independent of them, 'with 
greater velocity than they, and even in a di- 
reftion contrary to. their motion • 

It is ufelefs in our reafonings on this fub- 
jeft, to take notice of the gravity of the 
grofs particles ; for whether that property 
be confidered as. an innate power in them, or 
as a foreign one, that operates on them, its 
tendency is to bring them downwards, and 
make them converge, which is dire&ly con- 
trary to e2:pan£on and daftic tremours. ^11 
this may be further confirmed from the coii- 
curring opinions of the greateft philofophers ; 
we ihail advert, at prefent, to that of the ce« 
lebrated Boyle, who hatdi made a great vari- 
cty of pneumatic ei:periments, and many. im- 
provements in this part of phyiics. *? Air,** 
(fays this difciearning philofopher) " is made 
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" up of three different kinds of corpufcles, 
^^ viz. of thofe numberlefs minute particles 
** which, in the form of vapour or dry exha^ 
^* lations, afcend from the earth, waters, mi- 
** nerals, vegetables, animals, &c, in fliort, 
** of whatever fubftances are elevated by the 
** celcftial and fubterraneous heat, and thence 
^^ diffufed into the atmofphcrc : 2dly, of a 
^* ftill more fubtile matter, confifting of ex* 
^* ceeding minute atoms, the magnetical ef^ 
^* fluvia of the earth, with other innumerable 
*' particles from the bodies of the celeftial 
luminaries, which caufe in us by their im- 
pulfes, the idea of light : 3dly, of an 
^* elaftic fubftance, which is the bafis of all 
*' the other parts, and which conftitutes tha 
^* true cffence of air/' 

This great philofopher makes an elaftic 
fubftance the bafis of air, according to our 
natural eduftion ; and fays farther, that this 
fubftance conftitutes its real eflence ; to 
which, we prefume, all philofophers ' will 
agree, who juftly confidcr this fubjeft. 
Caufes muft always be afl^gned confonant 
5j.nd adequate, to their eflFefts ; for the Creator's 
Power was not confined folely to inert mat- 
ter : He could therefore, create an active 
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matter, if He faw it neceflkry, or ufeful for 
the works of nature ; and we are to pro- 
nounce that He really created it, if we dif- 
cover its exiftence in effects unimputable to 
inert particles. Now, this is abfolutely the 
cafe. Expanfion or intrinfic aftivity is dif- 
covered in air, and it is not imputable to 
the inert parts thereof, as inertnefs and ac 
tivity are contradiadry ideas; this power 
then muft either belong to another fubftancc 
in the compofition of air, or elfe be an ab- 
folute power, not refiding in any fubftancc : 
but the latter is inconfiftent ; for the word 
power, in phyfics, only fignifies the exertion 
of a material fubftance ; the power of burn- 
ing, for inftance, is. that peculiar exertion 
of fire ; the power of wetting in water is 
only the aptnefs of the liquid to produce 
that effeft ; and no philofophcr will admit a 
power of burning without fire, pr of wet- 
ting without a liquid. Neither can a power 
of expanding exift without a fubftance to 
exert that power. Therefore, befides the 
inert parts of air, there mnft exift in the 
, atmofphere an adive fubftance, or elaftic 
principle. 
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An elaftic Principle in Water. 

^RO'M the ^rics of the illuftrious New- 
ton it appears, that he attributes the undti- 
latibns and tremours of air and water to die 
fenie daftiTe, to \dt, an sbtherial, fubtile and 
elaftic itieditilh. In this lie foHows the fec5hd 
nile of philbfophizing, ^iz. of natural ef- 
fe<as of the fame kind, the fame caufe is to 
be ttffigned. We fliould alfo, in confofihity 
«es^ith thefe hik'&, Which are univerfally adopt- 
ed, ftotti 'the daftidifjr bf air, infer the 
elafticity of water ; for the fitnilarity ^f 'its 
Effects in bbt'h is evident ih every citcum- 
ft^nce. Circular Wavi^s of l^^ater e^paftd on 
all fides from where a ftb'ne is pltiiiged^ as 
do the ntidtlitibfts bf the a-ir from where a 
Mlishing- 2%, The foulid goes ag^i^ft 
the wind, and the waves of water go againft 
the ftream. 3dly, That part of the water, 
where the ftone was plunged, was removed, 
yet it returned again to its place, and re- 
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mains there, though the circles are expandod 
from it on all fides : the parts of flbe air> 
which touch the bell, were alfo removed, 
yet return again to their place, white the 
tremours and found are propagated on aJl 
fides: for if the air was driven off ffom 
that place, and did not remm by its elalflac 
fpring, the ringer of the bell would faint 
in a vacuum. Although Water is not the 
medium df found, as air is, yet a ring or 
inoile of ftriking bodies will be heard throu^ 
it. We catnnot, after fuch finrikrhy of oef- 
fefts and operations, admit elafticity in one, 
and deny it of the other. 

This crrcumftance likewifc dtfervcs atten- 
tion. If a chip, a feather, or fome othdt 
light body is left on the waiter at fome dif- 
tance from where a ftone is thrown in, 
it ihall retain its place, as would a Ikip at 
aaichor (if the wind did not affect it) while 
the drcular waves pafe under it. Hence, 
wfc fee that while the floating body remains 
at reft, with the fpartictes or parts df the 
>water it adheres to, ibme more lively 
'fti^t^flfa pufticfs uff the circidar waves, and 
occafions then: diffufion: which evidently 
points out two diftrnft kinds of fluids in 
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water, as the clear-lighted Boyle has re- 
marked in air, each operating according to 
its own peculiar nature, though both are 
agitated by the fame caufe. The aquaeous 
matter is, we may fay, at reft, becaufe the 
feather retains its place, while the elajiic 
puflies forward with a lively motion, fimilar 
to that of the fame fubftance in air, whereby 
found is enabled to go fwifter than the wind. 
Doubtlefs the elaftic matter of water cannot 
be fo fwift as that of air, being more ihackled 
down by the gravity and tenacity of th^ 
liquid fubftance which confines it. 

However the elafticity of water, though 
inferior to that of air, is no lefs certain ; for 
like effects arife from like caufes. If then 
the vibrations of a bell in open air could not 
affeft a perfon a thoufand yards diftant, or 
caufe pulfes to aft on the drum of his car, 
fo as to produce the fenfation of found, 
without the elafticity of the intervening 
medium to propagate thofe pulfes ; neither 
could the plunge cff a -ftone give rife to waves 
ten yards off*, without an elafticity in the 
water to propagate thefe waves from where 
the ftone was plunged. The efFcft is the 
fame in both mediums, and muft arife from 
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the fame caufe. The caufe indeed afts more 
powerfully in the firft cafe than in the fe- 
cond : bnt this only argues a difference of 
energy, which is to be determined by the 
effefts produced in a given time, /. €. by the 
fpaces through which their undulations pafs 
in the fame time. There is this further fimi- 
larity betv/een the two fluids; the founds 
i)f different bodies or inftruments do not in- 
tercept each other: ; neither will the tremours, 
or circular waves, arifing from different bodies 
thrown into water, intercept their refpeftive 
circular propagation?. For the elaftic fpecies 
of the waves will pervade each other's di- 
menfions, without interruption, or confu- 
fion. But, doubtlefs, if there be a tumult 
of caufes in either, the effefts produced will 
be confufed; for diforderly broken waves 
will arife from a fcattered plunge pf many 
bodies : as jarring founds arife froni a like 
number of inftruments, if not tuned, or if 
irregularly played- Yet in either the moil 
forcible will bear fway over the reft. 

We have alfo further proofs of the elafticity 

of water in common with hard bodies. 

. A drop of rain will rebound from the 

furface of water, whereon it falls ; as does 


140 OF THE ELASTICITY 

a marble or ivory ball, which is let to fall 
upon a flag. Dafh water againft a wall, and 
it fhali be reflefted in fcattered drops to a 
dHlance. Water expands with heat; for 
though a kettle be not filled, tlie water fliall 
fwell fo high, when hot, as to flow over: 
■and, again, when ce>ld, it fhall contract to 
its farmer dimenfions ; fo hard bojdies will 
contraft with cold, and expand with heat. 
Thefe are like efFefts; .fliall we not allow 
them to arife from like caufes ? 

Stop tire tonch-hole of a gun-barrel, and 
put into it about a naggin of water, having 
wrapped paper about a bullet, or a fmall 
pebble, to make it fit the bore tightly, ram 
it down to the furface of the water : then 
lay the britch of the barrel upon a brifk fire. 
When the watser begins to boil, or perhaps 
before it is fo hot, the bullet fliall go ofi' 
-with a force, not much inferior to that 
canfed by gun-powder, as may be known by 
its effeflis on a board, to which the bjHTel 
may previoufly be directed. Care mufl: be 
taken to direft its muzzle out of (2ie way 
of danger ; at leafl: give the barrd am eleva- 
tion greater than the height of a man>. 
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otherwife a miichance may happen by aa 
unexpe&ed difcharge. 

It is well known that air expands by heat, 
and alfo that water is reduced to artificial 
air, is evident from the -Solipile, which is 
fometimes ufcd to blow up fires : and fomc 
think that gun-powder ( whofe amazing force 
is known by its tremendous effedls) is re- 
duced to an elaftic air by fire. Now if fuch 
prodigious force, excited by fire, denotes an 
expanfive principle in air, or gun-powder, 
or marks any charafter of an elaftic fluid in 
cither of thefe heterogenous bodies ; ihould 
not a like force mark the fame fubftance in 
water? Which likewife may be infered of 
ftones, wood, and all other bodies, that 
break, burft, or fwell by fire. 

We may reafon in the fame manner with 
regard to the fimilar phaenomena, which we 
have above obferved in air and water ; for if 
the propagation of fpherical waves and tre- 
mours in air, fwiftcr than the wind, and in 
a direftion contrary thereto, indicates an elaf- 
tic fubftance inherent in air, fo the circular 
waves expanding in water, denote an elaftic 
fubftance inherent therein. Nay this fub- 
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ftance Is more diftindly and fenjBbly perceived 
ill the latter fluid ; for its undulations arc 
feen to expand far and wide, while the grofler 
parts of water, and the feather or chip which 

adheres to them, remain at reft in their* 
places. The fame thing is likewife perceiv- 
able in all elaftic bodies, whofe parts remain 
in perfeft cohefion, while a tremour is pro- 
pagated throughout the v/hole body by ftrik- 
ing or rubbing. The vibratory tremours of 
a bell, while in the act of ringing, are fa 
po\Yerful, as to change its ngure, to benumb 
the hand of a perfon in contact with it, and 
to communicate a fimilar vibration to the 
air for a confiderable diftance : neverthelefs, 
the parts or particles of the beU retain their 
places, and continue in cohefion. The parts 
of mufical glafles likewife retain their cohe- 
fion, while tlie tremours, which beget found, 
run through all parts of the glafs, and agitate 
the contained water with a tremulous mo- 
tion, which flioots in on all fides frona the cir- 
cumference to the centre, without difplacing 
a fingle drop. As then the fagacious Boyle 
has from the expanfion, tremours, and elafti- 
city of air, perceived in it an elaftic matter, 
diftinft in nature and effence frdm the groiler 
fubftances which enter into its compofition, 
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may we not with the fame juftice conclude, 
that all other bodies in nature, which have 
the powers of expanding, founding, ^r com- 
municating tremoui^s, are alfo impregnated 
with, or have inherent in them, a pure elafiic 
fubftance difiindt in nature and eifence from 
the groffer matters which compofe them, at 
leaft very different from inert matter. 

Let the fceptic, who will not fubfcribc to 
this conclufion, fay, what is the caufe of tre- 
mours and found in bodies ; or what is the 
caufe of their elafticity: which power we 
have throughout the courfe of this treatife, 
proved to inhere in every kind of body, the 
inert refiduum of confumed vegetables and 
animals excepted. It would be abfurd to im- 
pute fuch effeds to inertnefs, that being the 
difability of all fuch powers. Nor can they 
be imputed to figure, which is only a neutral 
and fuperficial thing, that cannot induce or 
beget any natural faculty. Thus by reafon- 
ing phyfically on the phsenomena of nature, 
and by fome hints borrowed from the great 
philofophers, Newton and Boyle, we have 
difcovered and exhibited in all bodies an elaf- 
tic fpecies totally diftin^fl from the other mat- 
ter or matters which compofe them. This 
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di&overy ihews that two kinds of matter are 
to be admitted in nature, quite difiindl from 
each otb&Cy viz. elaftic and inert. There are 
alfb- indications of a third kind ; for fome 
reaibns have occurred in the courfe of this 
work, which feem to fuggeft that gravity is 
not an univerfal property of all matter, but 
hath a material fubftance pectiUar to itfelf, 
and diftincl from the two other kinds al- 
ready mentioned. . To aflOlft us in the fiirtlier 
iaveftigatioa and diitindion of thefe fub- 
ibnces, we fliall now refolve a body by fire 
into its ongi«aI and conftituent parts. 
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The elaftic Principle further afccrtain- 
ed, its Ufcs in Nature and Mode of 

Operation. 
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SECTION I. 


Elaftic Subftance feparately exhibited. 


H 


ITHERTO we have confidered the 
principle of elafticity, as inherent in bodies 
and concealed within their parts. It would 
greatly elucidate our refearches, and improve 
our knowledge, if we could now feparate 
that fubftance from the groffer matters, with 
which it is generally united. By this means 
from the knowledge of its exiftence, which 
we have aheady obtained by its fenfible ef- 
fcSts, we might proceed to the invelligation 
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of its nature and mode of operation ; the 
difcovery of which will doubtlefs unfold 
many important fecrets of nature. As fire 
then is the gceat dilTolvesiii of alL bodies, 
we feall emplQy && ag^ocy &>v o\jr pFefent 
purpofe. 

Let trees, plants, or vegetables of any 
kind, be cut down in proper feafon, fo as 
to poffefs all their juices and qualities in full 
perfedlion ; having dried, and heaped to- 
gether a quantity of them, fuppofe a ton 
weight, fet them on fire ; immediately a 
fmoke will arife, which will become more 
denfe, as the heat increafes and difiufes itfelf 
throughout t^ heap>; afbsrwandis a flame 
will break forth through the denfe vapour, 
which will, at length, be entirely converted 
int9^ a, cleai' ftrongf^ blaze with- little or no 
fmok^ i and this will continue until the heap 
be, reduced to coals and jjlies. But to re- 
duce. all. the more, fpeedily and efFeAually, it 
"w^l.bc proper to ftir up the remains, and 
expofe every part to the air. The fire, being 
thus fanned and enlivened, will prey more 
thoroughly on the fiibje£t, and reduce it 
to a quantity of faline aflies, which being 
purged of their falts, will not be perhaps the 
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twentieth, nay, the hundredth part of the 
original heap. 

The fait that thefe afhes contain m^y be 
entirely renioved by fucceffively wafiiing and 
drenching them with frefli water. Afliesr 
thus depurated, Doftor Boerhaave callrf 
pure virgin earth ; adding, that it is fubtikj 
without any cohejion^ immutable in the fire^ the 
fame in every plants and in every quality lik6 
the ajbes of bum^ animals. We Ihall confider 
more of his remarks, after propofing smd 
confidering fome queftions relative to the 
heap of vegetables, and the changes it hatf 
undergone. 

This pile confifting of wood, bark, leaver, 
flowers, &c. to the amount of 20 hundred 
weight, is by fire reduced to a fnlaH heap^ e( 
ialine aihes, not 50, perhaps not 20 pounds 
weight, which when depurated to pure pzde 
alhesj will be much lefs: and perhaps to 
pounds of fuch a refiduum would not re- 
main, if the heap originally confifted of pa- 
per, or linen. Now the firft inquiry to be 
made is, what has become of the weight, 6t 
gravity of the heap ; for its afb^ retain not 
the hundredth part thereof? A fecondquef- 

K 2 
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tion is, what has become of the cohefion, 
elafticity, firmnefs, odours, colour, guft, 
medicinal virtues, in fiiort, of all the powers 
and qualities, which the different parts of 
the heap originally poffeffed, and which 
have been refolved, fepaiated, and, I may 
fay, difperfed by fire ? 

To anfwer thefe queries, we Ihall borrow 
what light we can from Dodor Boerhaave, 
who, to make inquiries fomewhat fimilar to 
the prefent, in the beginning of the fecond 
volume of his Elements of Chymiftry, by 
fcveral orderly proceffes ariiing from differ- 
ent degrees of heat, refolves a rofemary 
plant into its various conftituent parts. His 
firfi: procefs is diftillation with an heat of 85 
degrees, like that of fummer. By this cafy 
extraftion he gains a liquor, which is apt to 
be concofted by the heat of the day, and 
to exhale at night in the form of that odori- 
ferous eflSiuvia perceived in fields and gar«- 
dens on fummer-evenings. He afterwards 
ihews, " that this liquor contains an ele- 
*^ mcntary water, and the Jpiritus reilor of 
*^ the plant ; which fpirit, though it is in 
*' an exceeding fmall quantity, yet is won- 
*^ derfully efficacious, and gives to every 
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plant its diftinguifliing fmell and taftc, — 
and being of a very mobile ailive nature^ 
" affects the nerves, puts the fpirits in mo- 
" tion, and quickens them, when they 
" are languid." (p. 10.) 

The remaining plant, having loft, with 
its volatile parts, its colour, and for the 
moft part its fmell and tafte, is infufed with 
pure rain w^ater heated to the degree next 
to that of ebullition. By this fecond procefs 
a liquor is obtained of a faponadous nature, 
which is refolved into water, oil, a fait and 
a refin ; and contains all the virtues of the 
plant, which in this ftate foon evaporate, and 
leave the remaining liquid vapid, without 
fmell, or tafte :• wherefore, toconferve thefe 
virtues, he by a third procefs, and agreater 
heat of this decoftion, makes a fyrop, a 
jelly, or a rphob, which may laft for years, 
and is therefore laid up for future ufc. 

Having gained by the foregoing proceffes 
all the oils, felts, fpirits and juices, that can 
be extraded from the plant by the greateft 
aaion of boiling water, he tajces out the 
fkeleton plant, whofe leaves and tendereft 
parts, even its hairs, apices, and lineaments^ 


ISO OF THE ELASTIC MATTER. 

retain their form, though faplefs and flirivel- 
cd. He then makes a fourth procefs on the 
fame plant by laying the faplefs (kcleton up- 
on an iron ladle, 16 dry and bum over a 
clear fire without any fmoke. In fome time 
the whole grows red hot ; and ift, A fmoke 
arifbs continually growing thicker and black- 
cr, afid at length becoming a pitchly vapour, 
adly. It fends forth a ftrong fmell of fome- 
ihing burning. 3dly, When the vapour is 
ej^CjBcdingly black, and the fmell moft fetid^ 
there at once burfts forth a bright flame, the 
fmoke difappears, and the fmell grows confi- 
derably lefs. 4thly, The herb acquires a very 
black colour before the flame appears. 5thly, 
When the flame is extinguiflicd, the leaves 
have lofl: their blacknefs and become white. 
If any part ftill remains black, there the leaf 
continues to fparkle, fo long as there is the 
leafl: portion of blacknefs left. But when the 
preceding flame and thefe fcintillations have 
confumed all the blacknefs, there then re- 
mains nothing but white aflies, perfeftly iii- 
fipid and inodorous, which cannot by any 
aftion of the fire be made to produce fparks 
any longer: wherefore, like the ultimate 
refiduum of our burnt vegetables, they are 
fit for making coppels. 6th]y, It is moft re- 
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markable of all, that though the herb has 
borne fuch a violent aftion both of the Src 
and flame> yet, the form of the rofemary 
is to fuch a degree prefervcd, in thefe white 
aflies, that if you examine one of the leaves, 
as it lies, with a microfcope, it difcovcn?, 
not only the originaj ihape of the rofemary, 
but even the down, hairs, protuberances, 
' lineaments and lacunae, as evidently, as if 
the herb was ftill entire ; yet, on the ilighteft 
touch or blaft they drop to duft. He alfo 
remarks, that the laft oil cannot be feparal6d 
from a plant, except by fire, and in the 
open air. (p. 19.) 

In his paragraph on the ufe of the latt prD- 
cefs, this judicious chymift goes on thii^ : 
^* Hence we learn that water, with th6 alfift- 

" ance of fo mu,ch fire as it takes in A^heli 
" it boils, is capable of extrafting from "vg- 
*' getables every thing that is faline, as well 
" the volatile part as the fixed. — All the 
" medicinal, nutritive, and poifonbus qu^ties 
" of vegetables refide abfolutely in that pltt, 
" which by decoftion with water may be ex- 
'^ trafted from them. And the conglutinatiiig 
" oil (that then remains with the terreftfi'kl 
^' elements) has nothing at all Angular in it. 
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*' nor the carth,when quite alone,** Heobfcrvcs 
however, that this laft oil and the earth of 
the plant are infeparable from each other, 
except by fire, and that in the open air. 
For the oil ftill remaining in the leaves after 
decodlion difco vered itfelf , when burning, by 
a thick fcented bitter bhck fmoke, which 
was afterwards converted into flame, it 
{hewed itfelf alfo by the black colour which 
the plant acquired, when it began to burn 
^nd turn to a coal. Boerhaave alfo takes 
notice, that the heyb held in a ladle covered 
with an iron plate over the ftrongeft fire will 
burn, and become a brittle black coal, of 
a bitter tafte; but will never kindle to a 
flf^me, or grow white, until the cover be 
taken off. But when it is expofed to the air, 
it will immediately burft forth in a flame, 
and foon be converted into white afhes: 
whence, he infers that it is this conglutinau, 
ing oil that connecls the ierrejirial elements 
into coherent Jlamina^ which are diflblved, 
when this is feparated from them : for when 
once this lafi oil is totally confumed, there 
is no longer any cohefion, but the tcrreftrial 
parts fpbntaneoufly drop afunder. (p. 20.") 
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The pinguous parts of vegetables this Au- 
thor holds to be threefold : ift, the oily 
fcum : adly, the pinguous part of the de- 
coction : and 3dly, this conglutinating oil, 
eperable only by an open fire. As for the 
other part of vegetables, which remains after 
fhe extradion of this oil, he ftiles it (page 21) 
" a mere virgin earth, fubtile, without cohe- 
** fion, immutable in the fire, the fame in eve- 
'* ry plant, and in every quality like the aflies 
" of burnt animals, without any diflference at 
" all. This it is, he fays, that gives a firm ba- 
*' fis to animals and vegetables ; and this, pro- 
cured from either one or the other, the affay- 
ers find equally proper to make their tefts o£ 
If you mix water with thefe loofe aflies, they 
acquire fome degree of tenacity, as in the 
tefts juft mentioned ; but if you work them 
with a proper quantity of oil, they cohere 
" more ftrongly. Oil therefore and earth, he 
*' fays, compofc the folid ftamina o£ vege- 
" tables/' 

We kave feen, in the courfe of the firft 
Ledure, that the effence of any fubftance is 
infeparable therefrom; but that one fubftance 
with its effence, /. e. one principle is feparablc 
from another. This . feparation is experi- 
mentally exhibited in that of the aflies of ve- 
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getaUes, and their conglutinatiiig <»! (which 
according to Boerhaave, is performed by fire 
alone^ but we fliall add, by pntrifadion alfo) 
this fisparation, I fay, is experimentaSy ex- 
emplified ; for, although this oil, which con- 
fie&ed the tcrreftrial elements into coherent 
fiamina, was by nature intimately united, and 
conteaAured through every conceivable part 
of thcfc elements ; yet fire fo penetrated the 
moft intimate parts of the plant, as to ex- 
traA and diiiodge that adhefive oil, aiid carry 
it off in the form of fmoke and flame. And 
what is very remarkable, thefc contcxturing 
adhefive oils are fo perfeftly extracted and ex- 
terminated, as to leave nothing behind, but 
pure virgin earth, without ever changing in 
the leaft, or difgompofing the form of the 
leaves, even of their fmalleft hairs or fibres, 
which, by the way, demonftrates, that figure 
is only a mere pofition of inert matter, and 
nothing aftivc or efficacious in body. 

From the difference between the qualities 
of the oils and the afiies, which were fepa- 
rated from them, we muft neceffarily con- 
elude, they are fubftances entirely diftinft : 
for the aflies or virgin earth while pure* are 
taftclefs, fcentlefs, and colourlefs, incapable 
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of feeding flame, or of being transformed 
thereby: they have neither cohcfion, claf- 
ticity, nor any other quality, except diatthcy 
are fomewhat heavy, and capable of becom- • 
ing a nidus for fomc other principle or fpe- 
cies of matter to refide in, whereby they may 
acquire cohefion, and poffefs tlie qualities of 

the fpecies of matter united with them. The 
oils, on the other hand, had fmeU, tafte, co- 
hefion and elafticity, and were a nutriment 
to fire and flame, which transformed them to 
light: confequently, thefc aflies, and the 
oils which were feparated from them, differ 
in qualities, fubftance and eflence. 

Now to determine the eflence of this oO, 
we obferve, that itpoflefled elafticity in every 
ftate. In the form of flame or light, it wais 
elaftic, elafticity or expanfion being the cff- 
fence of fire ; in its original form it was alfo 
elaftic, as it gave that property to aflies, other- 
wife inert. We alfo find that elafticity is the 
only prc^erty which attends the oil, and is 
infeparable from it in every ftate. Neither 
the light and heat it had in one form, nor the 
fmell and tafte it had in anotha:, can be called 
its eflence, becaufe they were entirely loft in 
the change of its form : confequently, as the 
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eflence always attends its fubftance, and is 
infeparable from it ; elafticity, which attends 
oil in every form, is its real effence. 

This elafticity is an active property, and 
muft animate an aftive fubftance, totally dif- 
tinft from the afhes, which are perfectly in- 
ert ; for fubftances are as their effences ; but 
the effence of oil is active, therefore its fub- 
ftance is adive : confequently, it is perfectly 
different from the fubftance of virgin earth. 
Now if gravity be not effential to virgin earth, 
this fpecies of matter muft be void of every 
effence and property, except thofe implied in 
the idea of matter, which diftinguifli it from 
fpirit, fuch as extenfion, folidity, and tangi^ 
bility. Thefe afhes therefore are fimply what 
Boerhaave ftiles them, a bafts of firmnefs to 
plants and animals, which muft acquire their 
growth, elafticity, and other lively properties 
by an accretion of the active matter. 

There are confequently in nature (if this 
be not a folitary inftance) tw6 kinds of mat- 
ter, viz. the adive and the inert. The inert 
matter is the bafis of every kind of body, in 
which the aftivc is harboured : the aftive, on 
tlie other hand, is the fupporting fubftance of 
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aftive material powers, fenfible qualities, and 
medicinal virtues, all which it brings with it 
into inert matter, when thefc two fubftances 
are united together ; and this being the cafe 
in moft bodies, is the reafon why they gene- 
rally give indications of inertnejfs and activity 
at the fame time. 

From thefe obfervations, the folution of the 
fecond queftion propofed, with regard to the 
burnt vegetables, appears perfeftly obvious : 
for, as foon as the fire diffolved the confif- 
tency of the plants, the adive fubftance con- 
fined therein broke forth in the form of flame 
or light, with its native expanfion heightened 
by fire, and carried off into the atmofphere 
all thefe lively powers and qualities whereof 
it is the bafis, and which it enlivened and fuf- 
tained in the vegetable bodies, while it re- 
mained in their compoiition. 

As to the queftion relative to the weight of 
the heap, we fee a ton of vegetables reduced 
by fire to a few pounds of inert matter } con- 
fequently, above nineteen hundred weight 
has difappeared; fliall we therefore conclude, 
that all this weight has been carried off by 
fmoke and flame ? This feems improbable ; 
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for, whatever be the ihaterial caufc of gra- 
vity, cartainly it hasiiot a tendency to afcend, 
its ible tendency being convergent and cen- 
tripetal. On^ the other hand, flame has ever 
a contrary propenfity, viz. to rife and ex- 
pand; and fmoke, which we find to be the 
nafcent form of flame, is analogous thereto, 
and fliould have the fame tendency, though 
ia a lower degree : confequently, when fire 
diflbhred the cohefion of the body, and fepa- 
rated its elements from each other, as we 
ba^ve feen in the fcparation of the inert refi- 
dnum: and the ultimate oil of the plant, 
when, I fay, the elementary fubftances were 
thus difunited, each purfued the propenfity 
peculiar to its nature ; the elaftic matter, re- 
Icafed from its confinement, fled into the at- 
raofphere, its prxjper refervoirj and the mat- 
ter of gravity mufl: have funk with native 
propenfity towards the centre of the earth, a 
fmall part of it only ftill remaining with the 
a&es andfelts on the furfacc. And, as effences 
muft ever accompany their peculiar fubftances-, 
the elaftic matter, in its flight, carried off the 
clafticity, fmell, tafte, and other lively quali- 
ties peculiar thereto, along with the oils and 
fpirits, on which, according to all chymifts, 
the virtues of a body depend. In the fame 
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manner, the fubftance o£ gra\fity> in its depar- 
ture, was accompanied by itseflefice, and left 
behind no weight, but what might be pro- 
duced by a fmall portion of that fiibftanccv 
ftill re&ding in the ialts and afhes. 

The heap of vegetables, is therefore in the 
grol^ refolvable into three diftinft fubftances, 
to wit, the inert matter,, the elaftic matter, 
and the gravitating matter : now as gravity 
is a fpecies of attraftion, or at leaft aflts with 
centripetal force, it might feem that the gra- 
vitating matter had at firft produced the co- 
hefion of the plants, and afterwards, in its 
departure, carried it off, together with their 
weight. But Doftor Boerhaave imputes co- 
hefion to the acUiefive oil, ultimately ex- 
traded by fire ; we fhall therefore fufpend our 
judgment on this head, until we treat particu- 
larly of attradion, and learn fomcthing of the 
nature and powers of thofe falts inherent in 
bodies. 

Two objedions may be raifed againft this 
theory, but they are of no great force, ift. It 
may be faid, that this fuppofed matter, which 
produced gravity in the vegetables, and after- 
wards bore it away, is a mere creature of the 
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imagination, whofc reality is not to be admit- 
ted ; cfpecially, as Sir Ifaac Newton, tho* he 
confefles he knows not what the caufe of gra- 
vity is, * fays, it has fome other caufe befides 
denfe matter, which, he declares, was the ta- 
cit opinion of the ancient philofophers of 
Greece and Phoenicia. 2dly, It may be al- 
ledged, that the gravity, as well as the other 
properties and qualities of the bodies, evapo- 
rated in the form of fmoke and flame, which 
gravitating fluids were preflcd upwards by 
the fuperior weight of the furrounding atmo- 
fphere. 

As for the firft objedion, it mufl: be own- 
ed, that the materiality of gravity has not hi- 
therto been determined, or difcovered by 
fcnfe, except by the weight, and other fuch 
material effcAs that we fee it produce ; but 
thefc we confider as fuflicient vouchers for 
the materiality of their caufe, unlefs we are 
fo abfurd as to fuppofe, that while elafticity 
and other lively powers are produced in body 
by its containing a certain fpecies of matter 
to which they belong, gravity is produced 
in it by a fpirit^ or by a fubftancelefs virtue, 

or by nothing at all. If none of fchefe fuppo- 

« 

fidons be admiffible, we muft allow gravity 

• Sec fccoad advcrtlfcment, prefixed to the fecond edition of hi* 
optic*. 
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te be the endowment of a raa^terlal fubftance, 
ahhough it be not difceraible to fcnfe, ex* 
c^t ini ts efFeds. Nor is this the only cafii^ 
in which the efft& alone condu&s us to fneh 
a coneqj^tion of its eaufe ; we cannot fee the 
air^ though compoied of a thoufand exhala- 
tions^ yet we adnut its materiality. Its pura 
bafiS) the elaftic niattm*, is neither fcen in it* 
fetf, nor is its force felt fo much as that of 
jgravity ; yet its buoyant p#wer, its tremoun 
and the propagation oi found xpaniieft its 
exiflence, and point oi^t its effsnce, vhf. ex* 
panflpn. We neither lee nor feel tho£e rays of > 
light which depidt obje^ on the retina, ex- 
cept by the vifibiUty of thefe objeAs ; yet yn 
are convinced of their reality and operation i 
all which agree with our third propofilion^ 
that material efieds and operations arife from 
material caufes. Therefore, although \fre fiie 
not the fubftance of gravity, from re^fofi and ^ 
experience we are induced to think it is a ma» 
terial agent, endowed ynth its peculiar ef* 
fenc«. This eflence, according to our &iwA, 
propofition, is known by iW l^P^nfylY$ .. 
N^hich, from common 4Kperi^JU:e m »1) Sm\t 
tati;)g bodies, is fe^ to be towtrdi lik$ %$xk^ 
tre: therefore, u fubfbnce and niSkni^^n 
infeparable, and as phyfical agent? »i^ %^§Qfif 
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ing to their propenfities, this gravitating fub« 
fiance was no fooner feparatcd-frbni the ve- 
getable (lamina, wherein it was contextured 
with the other matters of the plants, than it 
purfued its natural propenfity to defcend, and 
fo it carried oflF that weight, which its refi- 
dence in the body had occafioned. This ex- 
* planation may alfo be applied to the lofe of 
height, which candles, coals, or any other 
bodies fuflPer, when refolved by fire into their 
conftituent parts. Nor do we imagine, that 
an implicit faith is to be given to the tacit 
or explicit opinions of Grecian, Phoenician^ 
or Engliih philofophers, only in as much as 
they arc founded upon phyfical reafoning 
and fair experiment, neither of which has 
been employed upon the prefent queftion. 

2dly,Thefuppofition that the whole weight, 
which the vegetables loft in burning, was car- 
ried away by the fmoke and flame, is at leaft 
as Jurbitrary as our explanation, and. far lefs 
confonant to reafon and experience ; for the 
black coal to which paper is reduced by flame, 
is heavier than the white aflies, into which 
it is afterwards converted by the devouring 
fcintillations which run through it, as Boer- 
haave defcribes in his fourth proccfs j yet the 
confuming fparks, which fet the gravity of 
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^ this Uack. coal at liberty, produce neither 
flame nor vapour to cany it oflP. If they be 
faid to produce an imperceptible one ; we may • 
as well admit the imperceptible effluvia of 
gravity defcending to the earth, according 
as the body is diffolved ; and doubtlefs the 
agent which caufes the defcent of all bodies, 
muft itfelf, when difengaged from them, dc- 
fcend with more rapidity. 

What has been here faid on gravity was 
merely occaiional, thofe obfervations Laving 
naturally prefented themfelves in our phyfi- 
cal analy zation, which may hereafter affift 
us in exploring this occult caufc. However, 
neither the analogy propofed, nor the con- 
formity of our ideas on that fubjed to rea- 
fon and experience, is to be underftood as 
intended for a proof that gravity arifes from 
a diftind fpecies of matter: that fubjeft is tqo 
diftind from the prefent, and too extenfive in 
itfelf to be comprifed in this volume : what 
we have had here in view was to difiinguilh, 
and fcnfibly exhibit the fubftance and pro- 
perties of the elaftic matter, by feparating it 
from the other principles of body. Having 
thus confirmed and improved our formcr^re- 
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fcsfches after this^ fobffanee, we^ flkall new 
confider its efftds and* tdfes lit natorer. 
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ite v^. m Nj^tufo. 

B¥ ^e-art of bresdog the alimental and 
iMbnating^fttbflaoceoi^maltis removed from 

tke^ giain^ so^ f)]^€i?iady;ced upoa water, 
wheceby ate or: beer is iqade; a kind of bevc- 
n^ whicb BXHJxiihcs and, invigorates the 
fcamcv ^^P wjudi^ if a man takes it to excef$^ 
MnttdeHlit^ehim fo, as to make him ftagger 
asii ftimble^ Simple water is void of tfaeic 
qiialtties : Qoi" will aU the boiling or fire ima- 
gins^le cofafnunicate fuch qualities to it. 
iOodti^ Bo^haave^ as we have lately feen, 
ih«[9is^ that the powers and virtues of vege- 
ta^ofr d^pe^ upon their oils, falts, and Spi- 
rits ; thefe oils, he alfo remarks, are of a mo* 
bile J aiiive nature^ qffeSl the nerves^ and put the 
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JjliMn in mtien. No^ we laVefturwh ffcat 
^6 t\iStfc matter is tliB fiiMance, i^viiofe «f- 
ittit^ ^ ^^yky } k tntfft IJiertfdre i>e the ha- 
^t Gif %I1 t&efb pi^W^^ in l!lie oik, a^din tke 

Coikfeqncncly^ as |>awers, (by our fourth 
^^|}oiition) beieftg ta^ a&d are accon^panicd 
by adequate effbtices, it foUows, that the me* 
clicind and alimentary qusdities could not 
have pafTed uifeo water, withcmt the eflence to 
w^OGh thpie powers belong* Again^ iiztce, 
{by our iSfth propofidon) the e^ence is infi*pa- 
faibk irom it^ fubftaace^ the effence above 
<iitii{i<toed wafi vt^ieledhirto the wKtar by its 
luUldnce, that i&^ by d« elaftic matter^ wfakh 
being ifiupttgasitai ta the wat^^ r^iderod it 
a ntiurUbing^ 4)rightiy^ inebriatiBg liqfior« 

The effeds of this liquor confirm this ex- 
flMfjifioJhi ; foT^ ^Mi takea iA ^6^3*ition, 
it ^SMt^ ft getiFtk Wn'^th thitilighotit &e 
%6dy» ahd bcdafions a iiyely ibotion cf ftp 
Ipe^ } but, when taken in tfi^a&Si it ca:^es 
an irregular motion in the ^p&its and nerves, 
and thereby occafions Inebriation : both 
which effefts arc unimputable. to inert mat- 
ter j but highly confonant to the ^lafHc, 


i66 OF THE ELASTIC MATTER. 

which is the bafis of flsime, and the fource of 
tremours. There cannot be an effcft without 
acaufe, and the caufeis always adequate to 
its effeft ; therefore, as the water had not 
fuch powers, and was incapable of fuch effeds 
before decoftion, it muft have derived them 
from fome fubftance therein acquired : now 
the fubftance acquired in decodion, and ade- 
quate to the fubfequent eflPefts, was the elaf- 
tic matter of the decoded fubjefts, whofe ef- 
fenfe is expanfive vigour arid activity, when 
ftimulated by heat, or by any foreign aftioia. 
ThisT fubftance then, being imbibed and heated 
in the' body, fhotlld naturally excite trcmoursi 
and a lively circulation 6f the animal fpirits ; 
which, When moderate, occaiions chearfulnefs ; 
but when violerit or exceffive^ difturbs theif 
regular couife, and renders the fraime totter- 
ing and difordered. " 

From our rules it appears, that qualities 
denote their effences, and that the effence in- 
dicates- the fubftance, to which it belongs : thus 
all lively material powers and qualities muft 
be produced by an active effence ; and if the 
effence be aftive, fo muft its fubftance. On 
the contrary, neutrsd qualities alone are ade- 
qu^ite to inert matter, fuch as figure, exten- 
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fion, and tangibility, which, at the fame time, 
are effential to all kinds of matter ; but arc 
incapable of producing heat, or even trc- 
mours, without fome motive caufe# 

As a further proof that the powers and 
qualities were transferred by a tranfpofition 
of their claftic bafis, it is the opinion of chy* 
mifis, founded on univerfal experience, that 
the powers aiid equalities of a body depend 
chiefly on its oils and fpirits : now thefe oils 
and fpirits poflefs elailicity in an high degree ; 
for befides the proofs we have already given 
of the great quantity of elaftic matter Uiey 
contain, it muft be remarked, that oils and 
fpirits are the pcculi^ir pabulum of flame, whofe 
eflence is expanfion, and whofe bafis is the 
elaftic matter. Whence we fee, that the fame 
fubftance, to wit, the elaftic matter, is the 
fource of expanfion in flame, and the bafis of 
powers and qualities in vegetables : we like- 
wife obferve, that the power of expanfion, 
which is the true eflence of the elaftic mat- 
ter, attends this fubftance from the moft 
crude ftate of the body, in which it refides, to 
its ultimate degree of fublimation in the form 
of flame, and is ever infeparable from it : for 
in the crude ftate of a kernel, expanfion en* 
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MVefib cind prowls thie qualitks, with xvhicli 
ih6 ekftic BiiAtiar of <M cfadowg tliAt feody^ 
ahd tll€f €by tnabteS il to id ftrongly on o^r 
fenfitive ong^nis. WhtA oil is bl^ndtd xvitk 
inert matter, as with aihes, the fame expan- 
feoA, '^i^fch ftill attends the elaftic itaatler of 
fefl, *hdO>K^ the compound with daftitity ^nd 
tithdr lively powers : thofe powtrs the ehfeic 
fliittef 'eattfed off when it Stb'andoiied the ve- 
^dttifei^ \h t\\^ form of ftafA'S } ind thofe 
powers aho it brings into water, when it i$ 
united therewith, and thereby converts that 
in'fipid liqxiid into an agreeable and falutary 
draught. Thus fcivine Providence, by creat- 
ing the fubftance and elTepce together, and 
rendering them infcpai-able, his enabled v& 
to fupeiinduce the qualities of different bo- 
dies upon water, in the form of juices, beer^i 
ale, iyf ops, and fpirits, iQ be barrelled or 
bottled up for the neceffifies and convenicn- 
cies of life. 

^Thc tuperinducemeht of the qualities, of 
various fubjeds on water, beudes the art of 
brewing, is exemplified in fever^tl bther art$ 
and branches of bufinefs, fych as pharmacy, 
dyings diftiUing, cooking, &c. in each of 
which a fldlful artift, by fteeping or blending 
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certain feeds^ plants, ol* other bodies, obttiiks 
the qualities he means to transfiife on tbat 
fluid. All this is efie6ted bf^^ving the wk» 
ter different degrees of heat, Capable of dtf» 
uniting the elaftic matter, v. e. the ba& <^ 
thefe qualities from the native fub}ie6fc^ 
wherein it has been contextured by the xipe* 
rations of nature : for fire bemg oom«afit« 
cated to it, pervades, by its (ubtility, the lii^ 
intimate particles of die body, and by its et^ 
panfive adion fends forth the latent quaiitiw 
and innate virtues of the fubjeft, as we jbave 
feen by the ultimate refiduum of burnt vegt* 
tables, from which all dieir tfuidittes wene 
extracted by fire. 

We have feen that a^ve powavandquc^es 
belong to adiye fubftances, and t^at a pother 
without a fubftance is but an abAraft icfea^ 
nothing redly exifting; for did a fubflatrcefafi 
power exilt, h would want aU matexisd icf- 
ficacy and in^^tllibg fsrce, ttnd wouhl xmiE^ 
quently be incapable of sEfficdiHg oaar oi^gafi^ 
pr lAipreffing the idea x^f ({usitities* TherrfoK 
water acquirer tbefe powers and ^paaHtibs <mtf 
by the acquifition of the elafiic xbatter, whidi 
is their bafis, that gives them £pnng and ^i- 
gour^ as is evident front this, that the water. 
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of which beer is made, is at firft an infipid 
colourlefs fluid; but after the infufion of pro-? 
per ingredients, not only acquires colour and 
flavour, but alfo a flrength of body, and a 
tenacious fubftantial nature, which are plain 
indications of an acceflxon of the elaftic fub^ 
ftance. But what render^ a transfufion of 
this lively matter from the vegetables to the 
water ftill more indubitable, is, that thofe lofe 
of ity what this gains; and above aU, the 
property of inflammability, which was before 
quite foreign to water, and which eflentially 
depends on the elaftic matter, is fometidies 
acquired by deco6tion, but is likewife greatly 
diminiflied in the decocted matters. 

Thus we fee pure limpid water changed to 
a ftrong, nutridous and fpirituous liquor, 
having acquired an inebriating power, rich-*' 
nefs of quality, flavour, colour, and perhaps 
inflanunability, while all thefe qualities are at 
the fame time either entirdy loft, or greatly 
diminiflied in the infufed or decoded fubjed. 
All this proves, that the elaftic matter^ which 
fupported thofe qualities in the body, was ex- 
trafted from it, and that this fubftance and its 
inherent qualities, were transfufed on, blended 
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with, and impregnated in the water, whick 
thus becomes a rich lively liquor. ' 


In order to conceive how this elaftic mat- 
ter, with the qualities it fupports and informs, 

• 

could be induced to leave the folid body, 
wherein it was contextured by nature, and 
to incorporate with a fluid, to which it* had 
no fuch afEnity : we muft confider firft, that 
every vegetable, during its infant ftate, only 
exhibits indications of its fpecific form and 
kind, but pofleiTes not the powers and quali- 
ties peculiar to its nature in their ftrength and 
vigour, until it acquires due growth and ma- 
turity : nor will even age, and the juices of 
the earth, give natural perfection to its 
powers, qualities, and growth, without a 
free accefs and circulation of light and air;' 
for without air, plants or animals will not 
thrive : neither are fruits growing in the 
{hade fo good ;|s thofe, which enjoy a flxonger 
light ; and to induce the proper reliih and 
flavour, and therefore to give thentiull per- 
fection, like thofe growing between the tro- 
pics, or in hot climates, they mufl: enjoy a 
dear and briik funfliine. Whence we fee, 
that the perfeftion of all their qualities, de- 
pends chiefly on the quantity they acquire of 
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tiblife moxetive fubfia&ces, air mA Mghu 
Now the ckftxc matto* is the bttfis tuf tk& 
former, and is the fame fubftance wi^h the 
Iftttor j which is a proof a prwri that tibc elaf- 
tk HdaCter k the fource and enUving fufaftxote 
^ the ,{i0wers and qualities in body. 


M fer tbe weight of growing bodies^ dt 
iiiay (bi the firme ftumncr accrue from on ac- 
cretion ^f the giUvitMing effiuida^ whith 
atoag whii Mt^ fightr moifture^ and the 
jaiflsieiitfd fSBoes t)f the isait^, are ccMtifipftatiy 
« imiiiig itttD tfaeir cDaaapofiticm. tti^acc^- 
«i^e lii^ftnoes sr^ nitmM^d and f^ffifla£ecl» 
^«#fi^ tlie gMwth 6f ihe hbd% io its 4bnn 
ttid tiaMre, 'b;r T^irtue of that law >»4)ich the 
Ctestor ixMude^ iB^hen havmg ^mi^d ^afl ^be- 
ings in the ftJl :pet£c€dan of tkdt nfj^cuSAve 
jatsuresy lie ^ordered thofe he defigaed fer 
{iropagatiicm lx> bo^ng foitfa their kindly eith 
ttt^i^ int ii&If its proper ikd. ^K/1ie<ice 
<«i^ fee that tii« aiiUntd, ^ wdl tts the v^ege^ 
faa>k, htitkgi ftwth Its y^tmg ^r kind wMwut 
art or cofttrivante to form the^mbrfo^ to 
^oiild, or to affiftiilate it to its own iitftuve; 
for even the moil rational and fagacious 
woman knows not how her child gets being, 
form, life, or perfe<ftion, otherwife than by 
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the Divine efficacy, witk wbicb the Omai&Q 
Woifd endowed this law of procrcatioii. K 
metals or fotSis ^ropz^ate, girow, or kbcreajfe^ 
as \;egetabks, do, it mxk& be through tke 
eflEkacy of the fame wpcd, and under Acr 
fame law^ that they alfo, in their acoretioxi 
and growth, a£imilate thdEe matters ta thek 
nature and Ipnd, and impregnate them^ 
with their diftindive powers and properties,. 
Thus, the daftie and other elementary mat- 
ters muft put on, and change to the nature 
and quaKties of the body, which they con- 
fiitute ; as fiiall more folly appear in the few 
quel of this work, 

« 

However, what we have here to remark is, 
that every growing body will accumulate 
and condcnfe in its growth a vaft quantity 
of our elaftic matter. Again, we are to ob- 
ferve, that Nature ever tends to an equili- 
brium. Her majifterial powers Heat and Cold 
(whofe material principles fliall be hereafter 
exhibited) are ever in oppofition, and yield- 
ing and triumphing alternately, by their 
various influenct; excite and fuftain aU her 
motions and operations. From this tendenqr 
to an equilibrium, no fooner does a body of 
air, which has been compreffed and con- 
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denfed in any confined fpace (whether na* 
turally by cold, or artificially, as in the air- 
gun) gain an opportunity to expand, than it 
burfts forth with innate propenfity, and dif- 
fufes, until it be in /squilibrio with the fur.- 
rounding atmofphere. In the fame manner 
the elaftic matter, which has been condenfed 
and contextUred in the body during its 
growth, when fet free by heat, or fire, as 
if from a prifon, iffues forth, and diffufcs, 
in water, by decoftion, or in air, by torrifac- 
tion, until it be in equilibrio with the elaftic 
matter of either medium. This is the reafon 
of its feparation from the folid body, in 
which it was contextured, and of its transfu- 
fion. It now remains to examine, why it 
fliould equally blend with, and impregnate 
all parts of the water. 

We have already hinted, and fhall hcreafte^^ 
demonftrate, that light, if not the fole fource 
and origin of the elaftic matter, is the chief 
part thereof. The cohefive power which 
Boerhaave attributes to the conglutinating 
oil that connects the terrcftrial elements into 
coherent fiamina^ denotes alfo an adhejive 
principle in this bafis of powers, whereby 
an elaftic firmnefs is given to body. But as 
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we have not as yet fufficient data for the in- 
veftigation of that new fpecies of matter, 
we fliall only confi^er the other ingredient, 
to wit, light, to which the elaftic matter owes 
its cxpanfive vigour. Wherefore, as there 
are different fpecies of light diftinguifhablc 
by their colours, fo th^erc are different fpecies 
of the elaftic matter, which, perhaps, only 
differ by their denfity or tenuity, or by the 
different portions of the adhefive matter (if 
fuch there be) which bind down and confti- 
pate that light, according to the different na- 
tures of the bodies, in which they inhere, 
having been ailimilated to the nature of each 
particular body, in its formation and growth, 
cither by cofliion, or accretion, through the 
Divine efficacy of that word which regulates 
the formation and nature of every being. Thus, 
the food of animals is varioufly aflimilated 
to flcfli, finews, bones, &c. which differ 
vaftly according-to the fpecies of the animal* 
The elaftic matter is alfo varioufly conftituted 
in the fpirituous, nutritive, and conglutin^t- 
ing oils of a vegetable ; for Boerhaave finds 
a diftinftion between thefe fubftances, al- 
though the elaftic matter is their common 
bafis, which gives them elafticity, while in 
the plant, and expanfion, when changed into 
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flame* When, therefore, the elaftic matter, 
which inheres in a vegetable or animal, is 
fet loofe by decodion, it blends and incorpo- 
rates with the elaftic matter of the water j, 
and as that of the water is inherent in every 
partidc thereof, the elaftic matter of the body, 
blending with it, alfo becomes universal; 
and pervading all parts of the fluid, every 
where difiiifes the glutinous, fpirituous and 
other qualities, which it fqpported in the 
vegetable. Thus, through the Jameneis of 
fubftance in the various fpecies of elaftic 
matters, they incorporate by coition, and 
the qualities of different bodies are united 
together by the union of this baiis, which 
becomes their common n>inculum. 
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Other Phaenomena thereby explained^ 

EVEN without the affiftance of heat, the 
powers and qualities of different bodies, 
whether folid or fluid, will, in many ca&s, 
unite by a confonance of their elaftic mattexv, 
which form a common cement to bind ^i^ 
together. For inftance, when ofl is tJirown 
in fcattered drops on the curled furface o^- a 
pool at the windward fide, the watcp wHl 
fettle to a level polifhed furfice, as fer as Ae 
oil is difiufed by the wind* In the fam€ man- 
ner a poUfhed traft, as if a glaify furfsKse, is 
obferved in the fea after a fliip, wfeew the 
flufti or pinguid water, wherelh mariaers 
boil their meat, has beeir thrown over-beaixJ t 
which fliews, that the elaftic matter, i»Ai§h 
is the bafis of oil^ and the matter, whidi iflt a 
ftorm proceeds from water in luniiticsis 
emanations, incorporate, and thereby ijBite 
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both fluids, fo as to occafion a fmooth glafly 
furface, as far as the oil or greafy water is 
difFufed: for experience proves thefe two 
fluids to be entirely immifcible and repugnant, 
except in that lively fubftance, which, bcini^ 
common to both, forms between them a 
bond of union. Nor are brewing and infu- 
fion the only methods of extracting and fu- 
perinducing on water the qualities of vege- 
table or animal bodies with their bafis the 
elaftic matter ; thefe operation^ are alfo per- 
formed by expreffion. This is evident, as well 
from the ftrength and fpirit of the wines, 
which are exprefled from grapes, as from the 
fermentable, intoxicating, and fometimes 
inflammable qualities of thofc domeftic wines 
we. extract from apples and other fruits ; all 
which qualities clearly point out the power 
and adion of the elaftic matter, which fuftains 
them, invigorates their operation, and' en- 
forces their cffeds: which, furcly, cannot 
be imputed to any ideal quality that could be 
imagined without a fuftaining fubftance. Be- 
sides, thefe powers and qualities indicate their 
eflence, which again requires an adequate 
fubftance. And, as a further proof that the 
elaftic matter is the vehicle by which quali- 
ties are tranfpofed, it is remarkable that 
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thofe vegetables, whofe juices have been thus 
extraded, will not, if fet on fire, afford an 
heat or flame fo ftrong, as they would have 
done before expreflion ; becaufe the quantity 
of elaftic matter, which is the bafis of flame, 
and which gives vigour to heat, is greatly 
diminiflied in the reiidual or broken body j 
this body having loft, with its juices, an 
adequate fliare of that lively fubftance ; I fay, 
ah adequate fliare, becaufe a greater quantity 
is extracted, according as the preflure is grea- 
ter or more confiant. Expreffion may there- 
fore be continued fo as to affe& the ccuiglu- 
tinating oils of the rudimental ftamina, ef« 
pecially if the fubjeS be pounded and moif- 
tened ; if this fucceed not, coftion may be 
added to expreffion. 

On account of this relation between die 
preffure and the extract thereby obtained^ 
by various degrees of preffion, as well as by 
various degrees of heat, different degrees of 
fpirits and oils are procured, whofe volatility, 
or fpiffitude may denominate the dirferent 
kinds of elaftic matter, which give them* ef- 
ficacy and vigour. Thus, by the firft preffure, 
or elfe by a flight heat of infufion, we gain 
the firft vintage, which is a volatile generous 
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liciXicfr^ of gmuine flavour and %;irlding hue, 
tbat bontains die virgih qualities of the fub- 
jeft' ccttnpreffed : hcnce^ the opening Uvdy 
nature of honey thlit bees make from the 
exndikkg jvides of flowers and bk^ms. By 
a glHsiater prefiure, or a ftrongcr heat^ a li- 
quor cottfel^ forth mtxre balfainic ; a^d by a. 
i^ greater heat or preffUre, the extnwft be- 
comes more gli(tinous{ \tHhich (gradation feems 
to denote greater dt^grees of detifity in the 
ba& ^iich !it!{p:(rts tfaefe fucceflive quadSties. 
The qUidtiti^ and virtues of thefe e^stra^ 
are itoperindueed on water, by mising both 
tbgeliher, whereby their elaftic fpccies blend 
and unite c<jujflly throughout the whole 
compound Auid-, fo that every drop of tihe 
water is impregnated with the qualitieli of 
the cxtraft. 

The diffolution of an animal body, by 
putrifa£tion, vifibly exhibits the flight of die 
elafHc matter, with its powers and qualities, 
from their native refidence. For during 
fome time after the animal is killed, while 
the flefli retains its elafticity, it alfo retains 
its reliili and nutritive fubftance: but foon 
after, when it inclines to putrifadion, its 
flrong finell denotes a retreat of that fub- 
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fiance under the form qf a rancid effluvium, 
the lofs of which will confequently reduce 
the plumpnefs and elaftidty of the flefli fo 
decaying. This eftxivium will ftill become 
mraie 4/enfe and rsmcid, according as the 
flefli waftes, and will, in a d^k place, ihew a 
glow pf light : and in Uus light all the powers 
and qualities of the bpdy, its elafticity, firm* 
4eis, froell, tafte, &c. Ihall as cffeftually 
depart, as they did under the feme form of 
light and vapour in the induce of torrifac- 
tion ; and at length, a^ was the cafe in that 
inftance, fcaU leave no part of the body 
behind, except a Uttle duft or inert matter. 

Now, during this feparation and emigra- 
tion of the elaftic matter, while this fub- 
ftance and the quaUties it fuftained were go, 
ing off in the form of light, and diflEufing 
through the atmofphere, the gravitating 
matter loofing its fupport, muft alfo have 
followed its propenfity into the earth, and 
have carried with it the original weight of 
the body *, which alfo happens when the ani- 
mal body rots under ground : in this cafe, 
at leaft, certainly the matter which gives 
weight to the body will not afcend, as do its 
volatile fubftances. Neither can any reafon be 
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alledged why it fhould rife, be the fituation 
of the body high or low ; on the contrary, 
reafi)n diftates, that when the body is refolved 
into its component parts or principles, each 
muft follow its natural propehfity. The dif- 
folution of a body is only a difunion and 
reparation of its concrete principles ; which 
being ^efFefted, they cannot aid or fufiain 
each other, but become free, unconnefted 

and independent, without any let or impe- 

... ^ 

diment to their innate power. This power 
cqnfifts in the eflcnce, v/hich is ipfeparable 
from the fubftance, and at the fan^e time, 
determined to its propenfity. As, thcrefor;e, 
the elaftic matter, when reftoredto its origi- 
nal ftate, vrhich is that of light, followed 
Its propenfity and difFufed into air ; fo thq 
principle of gravity likewife, when fet free 
t)y the body's diflblution, follows its propen^ 
fity and finks to the earth, unto which it 
mikes all neighbouring bodies, that it carj 
afieft, alfo tend. 

- In all thefe different inttances of torrifac- 
tion, decodion, fermentation and pntrifac- 
tion, we have feen that the elaftic matter, 
and the qualities it fnpports and invigorates, 
were tog^ether feparatcd from the body, ip 
y/hich they were naturally incorporated aiud 
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elaborated during its gi'owthand maturation. 
In two of thefe inftances, the elaftic matter 
and its qualities went off together into the 
air, in the form of vapour, flame, or light: 
in the other cafes, it diffufed through water, 
and impregnated that fluid with all its quali- 
ties, which was effected through the confo- 
nance or fimilarity of temperament between 
the elaftic matter, fupporting thefe, and that 
inherent in water. For this famenefs of na- 
ture and temper facilitates the union of their 
daftic matters, which thereby form a com- 
mon vinculum to bind all the qualities to- 
gether, and detain them in the waten 

The fame confonancy between their elaftic 
matters alfo forms a common vinculum to 
blend, and equilibrate bodies very different 
in qualities, and fpecific gravities. If pieces 
of gold, lilvcr and copper, be fufed toge- 
ther in a furnace and caft in a mould, the 
compound mafs, when cold, will have the 
fame qualities and fpeci&c gravity in all parts, 
whether at the bottom, top, or middle of 
the mafs. To find out a natural folution for 
this phenomenon has, I dare fay, ftaggercd 
metalurgifts and philofophers, isfpecially cor- 
pufcular naturalifts, wlio hold that matter 
was originally formed of impenetrable, in- 
divifible particles, of certain figures, fizes 
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and propotiics : ibr, were this the cafft^ 
fuch particles fhoilld, in did prefent inftance, 
tstke their orderly places, according to tlieir 
te^edive f|i(edfic gravities. The expanfiyo 
|)ower of fire having diflbtved their cohefion^ 
overcome their attradions, and fet them at 
Kberty to obdy the impulfe of gravity^ no- 
thing remained to hinder them from uniting 
in diftin^t hoiiiogeheous ftrata, fuch as nature 
had formed them in, when each compofed a 
feparate body. The gold particle* then, be- 
ing of greateft ipecific gravity, fliould all 
defcend to the bottom, and there form a 
ilratum of that metal ; over them the filver 
particles^ whofe fpecific gravity Is little more 
than half that of gold, fliould form a fe- 
cond; and on the top the copper particles, 
whofe ipecific ^avity is the leaft of thefe 
three metals, fiiould form another diftind: 
firatum. But the cafe is (juite otherwile: 
for all the metpis are found equally blended 
in aU Pfirts of the compound xnafe; This is 
evidently the fid in our circulatijig money > 
fyxr ^very guinea and '{hilling in the nati^i» 
as ;al£o the coin of every other country, is 
loiixed with copper tp harden the foft metals 
they contain. Boerhaave remarks the fame 
of gold andlilveir, which blend fo intimately. 
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that if a grain of gold be melted with 
1 00,000 grains of filver, it will be fo equally 
ijifiufed throughout all parts of the compound 
tnafs, that, whatfoever part be taken thereof^ 
will be found to contain both gold and filvef 
in the above proportion. From this intimate 
mixture and union of metals arifes the in ven* 
tion of touching needles^ whereby deceptions 
in adulterated metals are dete&ed. 

But, however difficult it may be to e^Lan 
this extraordinary mixture by attractions, 
trorpufcles, &c. it is eafily and natundly ac- 
counted for by the help of our elafUc matter- 
This fubftance has been proved to exift in 
^bodies, and difplays itfelf moft fenfibly in 
daftic and founding bodies^ as it is the fource 
•of both thefe qualities. Metals therefore arc 
ftrongly impregnated with it ; and probably 
contain a fpeci^s of it moredenfe, than what 
inheres in moft other bodies. When, there- 
fore, the parts of different metals are inti- 
mately pervaded, opened and ipread out by 
heat, 4;heir elaftic matters come forth by 
expanfioii, blend together, and mutually in- 
corporate. Now, as thefe elaftic matters are 
^he fource and fupport of the powePsTand 
qualities, which charafterizc the nature of 
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each metal, their union and confufion unite? 
and confounds all the qualities and natures 
of the feveral metals; for otherwife, thefe 
qualities fliould cither totally vanilh, or elfe 
fubfift without their adequate and fupport- 
ing fubftances } the latter of which is contra- 
ry to our fixth propofition, and the former is 
falfificd by the faft ; for the qualities and na- 
tures of all the metals 'do not vaniflx,^ but re- 
main in the mafs, and may, by chymical art, 
be again feparated and afforted, fo as to re- 
folve the compound into its original and dif- 
tin(i metals. 

It is therefore dear, that, when the differ- 
ent metals are opened and diffolved in fufion, 
their elaftio matters, which are all of the fame 
teniperature and intenfity, being all in the 
fame form, to wit, that of mercury, blend and 
diffufe through each other, as would, the dif- 
ferent parts of the fame homogeneoiis fluid, 
if varioufly agitated. It is like wife evident, 
that thefe elaftic matters carry with them 
their refpeftive natures and properties; fo 
.that the elaftic hiatters being diffufed through 
all parts, and univerf^lly blended, their re- 
fpeftive natures and properties which adhere 
to theni muft alfo be generally diffufed, and 
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utiiformly blended. Thus the whole, when 
in fufion, becomes, as it were, one and the 
fame fluid metal ; and, when cooled, one 
homogeneous mafs,' of equal fpecific gravity, 
and uniform properties in all parts, ix>ttom, 
top, and middle, through the mixture of 
the elaftic matters, which, by intimately unit- 
ing, form a common vinculum for joining 
together qualities originally feparated, as the 
facl plainly attefts. 

¥ 

Here it is to be obferved, that the inert 
matter cannot produce the fpecific gravities, 
or peculiar degrees of tenacity of different 
bodies, as well, becaufe this matter is the . 
fame in all bodies, as becaufe, by its. na- 
ture, inert matter is void of qualities. Nei- 
ther are thefe properties natural to light, 
•which, on the contrary, is the fource of levi- 
ty and expanfion : an adhefive fubftance is 
therefore heceffary to endow metals and 
ftones with thefe properties ; and from the 
various quantities of this third fpecies of 
matter, may arife the different fpecific gravi- 
ties of bodies, and their different degrees of ^ 
cohefion, Ffom this matter alfo, contextured 
with light, the elaftic matter of different bo- 
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4m may derive its various degrees of dcniity 
and fpiflttude* 

From all thefe inftances we may Infer, not 
flUly the Utility of the claftic matter in pre- 
lEesrving wd enlivening the powers and quali- 
l^e^ pf bodies^ as being their fupporting filb* 
figni^e; but ev^ the necefiity of this upiver* 
fyH prinopky for ^moft all the other opera- 
lions of art and nature. It is ufeful, and even 
neceffary for the tranfpofition of powers and 
qualities from one body to another, by which 
icommon wftCer is impregnated with nouriih- 
acnt, ipirit, and various qualitft.es, t& in li- 
igpors, iyrops, ^o. By it qualities are again 
tiantfer^, by a tqinflation of their fupport- 
i^ fuljftau^e^ from iflapegnated water to 
ptiber fubftauccsj as colour in the dying pf 
£11^, wool, or cotton. This principle is alfo 
aeceflary .to ferve as a common medium, 
wiei»in mattfflr$ pf various lands and fpeci- 
fic g»^tifis, are xfidjixced to an equilibrium ; 
»nd*p beccMEue a qpwmon vinculum for unit- 
Uig and .xeii;ainiag ,?jl their < qualities in one 
cpmnapn fubftance, whether fluid or folid ; as 
we have feen in brewing and dccoftions, and 
in the mixture of metals. From the fame 
ufeful principle we may coUcft the reafcm 
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why gold is diflbived, fiifpended, and equally 
difiufed through aqua regia^ and why filver 
is fimilarly afibSed by aqUa fbitis. Theft 
phaenomena are generally afcribed to attract 
tion i as are likei^ife the afceat of the earth^s 
juices in plants : this latter opinion philoib* 
phers attempt to confirm and illufirate, by 
the afcent of water in capillary tubes; al* 
though attraftion has never been able to raife 
water to the top of a tube, whereas in vege- 
lation, the juices muft rife to the top of the 
plant, in order to protrude a gem, and 
continue the rifing growth. 

But doubtleft this afcent of juices in ve^e* 
tation is occafioned by tl}e heat of the earth 
and fun ; otherwife, why fliould vegetables 
be more vigorous, large and fruitful, in the 
torrid zone, and hot climates, than in cold 
onefi ? What fhould be the ufe of hot*beds 
and fioves, but to fiimulate adion and mo« 
tion in the elaftic matter, on which dq>end 
the livdy powers and quali^s of bodies, 
and whofe expaniion raifes their juices, and 
extends their growth, when excited by heat ; 
as appears by the efFeft of the folar heat dur- 
ing fpring and fummer ? 


igo OF THE ELASTIC MATTER. 

The circiilation of the bloodjand the motion 
of the animal fpirits, are alfo imputed to at- 
trai^on ; although nothing can be more evi- 
dent than that every animal body has a power 
^ of expanfion, which propels perfpiration, ex- 
cludes excrement, and which is not only ca- 
pable, of producing the circulation of the 
blood, but of ejefting it forcibly, when a 
vein is opened, or a limb cut off. In fliort, it 
is on this cxpanfive vigour, of which the 
elaftic matter is the fource, that the ftrength, 
aftivity, and even the life of animals depend, 
as will appear from the following experiment, 
which is an imperial inftance of the utility 
and univerfal neccffity of this elaftic prin- 
ciple. - 

Let a frog be ftretched out, tied down to 
a board, and cut open, without wounding 
the heart ; although the animal be killed by 
this operation, its heart will continue to beat, 
while it retains its native heat : but, on cool- 
ing, the beating will ceafe, which indicates 
that the heart is likewife dead. Neverthe- 
lefs, warm it with your breath, and its pal- 
pitation fiiall revive, and continue, until it 
again grows cold ; when it ftiall again ftop 
beating, and become torpid. Warm it a fe- 
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cond time with your breath, or if that fuf- 
fice not, lay a drop of warm water upon it, 
which will again animate the heart, and re- 
new its palpitation as before. Nor is a frog 
the only animal whofe heart and nerves exhi- 
bit a lively motion after the death of the bo- 
dy. The parts of an eel, a ferpent, and moft ^ 
other reptiles, when cut in pieces, will twift 
and move. The legs and wings of certain 
fowl will likewife work after the head is cut 
off : the flcfli of an ox or cow, while warm, * 
will tremble and move for fome time after 
it has been killed ; all which motions are in- 
dications of an elaftic principle in the parts, 
and have no relation to attraftion : for, will 
. any one pretend that the breath or water af- 
fe<5ls the frog's heart by attraftion, and thus 
' occafions palpitation ? Is it not rather heat, 
which we have already obferved to give ex- 
panfive force to air and water, that now re- 
news its beating ? For cold water will have 
no fuch efFeft ; but as often as heat is applied, 
while the tone and ftrength of the heart re- 
main unhurt, the elaftic matter it contains is 
ftimulated to action, and forced to refumc its 
natural vibrations. ^ ' 
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I have taken up a drowned moufe, which 
was, or at leafi appeared dead^ the creature 
having lain firetched and motionkis under 
water for the fpace of fome minutes^ This 
aaiiaal I laid before the fire, and covered it 
with dry a£hes ; in half a minute, the aihes 
having imbibed the moiflure, formed a cake 
about it ; I then removed them, and cover- 
ed it anew with dry alhcs, over which I rak-^ 
ed down fome hot afhes, to ftrengthen the 
heat } thefe again caked as before, and were 
then removed. Having repeated this opera- 
tion three or four times, the alhes no longer 
caked, which gave room to conclude, that 
the redundant moifture had entirely evapo- 
rated : I therefore left it in this fituation, co- 
vered as before with hot aihes, and waited 
for the event ; after a while, the aihes began 
to ilir before its nofe, which feemcd to work 
through, as does the bill of a chicken through 
the ihell in which it gets life. At length t&e 
nole advanced forward to the eyes, which 
cautioufly peeped on every fide, and the 
creature perceiving no enemy near, crept 
away from its cover ; for I thought it a pity 
to deftroy a life which I had taken fuch pains 
to reftore. 
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Drowned flics, which had lain in liquor, 
and perhaps b^en dead during an whole night, 
have been recovered by fcraping on them 
duft of chalk, fo as to covqr them all over ; 
nor is it neceffary to repeat this operation as 
it was in the foregoing inftance. But if 
the moufe had been dead even for an hour, 
or a confiderable number of minutes, it is 
very fuppofable, thatit cpuld not be thus r?- 
covered; becaufe, in that^^^cafe, the elaftic 
matter of the heart, which is the fountain 
of life, would have removed fronl its place, 
and by its expanfive property hayediffufed 
itfelf equally through all parts of the animal 
and of the water, in which it was drownedi 
whereby the heart would lofc its tone, 
ftrength, and elaftic vigour, as not poffeffiog 
more elaftic matter than any other part : and 
if there were no means to fend this matter 
back, and reinftate it in the heart, it would 
be impoffible to; recover the animal ; becaufe 
the fountain of life could not be replenifhed 
with that active principle and fource of mo- 
tion. But while the heart is not deranged 
by any diftortion or laceration, (fuch as hap- 
pens to animals that die in an exhaufted re- 
ceiver) and ftill retains a fufficient fund of 
this active matter, it will, on the application 

- N , 
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of heat, (provided the moifiure, which 

• • 

fhackled it down, be removed) expand and 
give motion to the heart ; and the heart it* 
felf, being ftill -found, as we fuppofe, will 
operate regularly, and propagate its new re- 
vived fpirits throughout the body, fo as to 
renew all the animal motions, and reilore 
iife. 

As to the continuance of the elaftic matter 
in the heart for fome time after the animal is 
killed, it appears evident from the motions 
excited and ftimulated in the frog's heart by 
the application of heat. Neverthclefs, the 
recovery of this animal was impoilible on ac- 
count of the ruin and derangement of other 
parts and members, through which the ani^ 
mal fluids fhould circulate for the reftoration 
or prefervation of life. But in the revival of 
the moufe, all thefe parts and members re- . 
mained entire ; no tube or veflel being cut, 
all retained their proper order, and mutual 
communication ; fo that as foon a^ the clog 
of moifturc was removed by evaporation, 
the fluids and fpirits refumed their natural 
circulation, being renewed by heat, and pro- 
pelled by the motion of the heart. This mo- 
tion was communicated to the heart by the 
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action of the daftic matter, which wa? fq 

j-oufcd by the heat the wiw^ w^ C3^5>Qffi4 
to. 

In the cQyjife of thefe explanations, wc 
have filled moifture a clog upon the elaftjig 
matter, which Ihacklesit dowa, andjceftr^^ 
its adivity. The truth of this aflertion is ap- 
parent from the power of water in extin* 
guifhing fire, and diminiihing heat : for if 
wet doaths be fet to dry in a flove or bagnio, 
the heat will be thereby fenfibly reduced. 
Fruits of any kind rared in a moift climate, 
are not fo aromatic or favoury as thofe rared 
in a warm or dry climate ; and even thofe 
produced in the fame climate are found vei*y 
diflferent in tafte and flavour, according as the 
ripening feafon has been wet or dry. 

Hence we fee the efFefts of Noaih's flood on 
the produftions of the earth ; for the elaftic 
matter of the earth being repelled and re- 
duced by the waters of the deluge, for fome 
diftance below the furface, her fruits and 
produftions could not be fo rich and vigo- 
rous after the flood, as they had been before : 
confequently, animals muft have alfo dege- 

N2 
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Derated and partaken of the lafiitude which 
took place in vegetables, when deprived of 
the dafiic matter, the fource of their fpring 
and vigour, this may likewife be the phyfical 
caufe, why the Poftdilluvians are not fo ro- 
buft, vigorous, or long-lived as the Ante- 
dilluvians were. 


LECTURE V. 


An Hiftory of Fire. The Ekftic Mat- 
ter identified with that Subftance, 
with Newton's Ether, and with the 
Eledlric Matter. 
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SECTION I. 


Fire in the Earth, and in all its Produdions. 


w 


E have, in the cQurfe of the two pre- 
ceding Ledures, traced elafticity through all 
tthe bodies in nature. We have alfo explored 
its caufe, anjd found it to be an elaftic mat- 
ter, fpecifically diitind from inert matter. 
The diftinftion of thefe two Ipecies of matter 
we have exhibited in their union and fepara- 
tion ; as alfo, in the tranfpofitipn of the elaftic 
matter from body to body, whereby the quali- 
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ties of one body were fuperinduced upon an- 
other, along with this aftive principle, the 
bafis of all powers and qualities. To difcover 
more fiilly its intimate nature, we fiiall, in 
this Le<3:ure, lay down a Ihort hiftory of fire. 
Btit firft we'fliall kdd to thofe alrea^ given, 
a concife proof fliat the daftic matter inheres 
in, and enters into the compofition of every 
body in nature. All philofophers, and the 
learned in general, agree, th^ air is endowed 
with an elaf tic principle; this opinion has 
been repeatedly corroborated in our two 
foregoing HJeftifrcs : but fhe illuSrioifs Boyle 
was the firft,who made this further difcovery, 
-y/z. that an elaftic matter in air is the bafis 
and fupporting fubftance of its repulfivc and 
elallic powers. If therefore, as -experience 
proves, and philofophers affirm, air enters in- 
to the compofitibii of all bodies whatfoever, 
it^IfelW?,-t!hat tlMs^aftic matter, inbererit in. 
^ir, h *fel»4lea "wkk ^t^aefy iothcsi' rbbdy. ^Pfee 
ifeft^pWntkite*'^ -Ti'arve already drzwn from 
tftc*iS^i^i6teh*fe*felimermisop^ratii^ aawJ 
efifeSs, 'Which fffl witkJn'C^nery man's <rogiii- 
z^ncte 'and ^^ptn6tice. It -wolild be tedious 
to JrepeaSt ithe ^faftie ^rocrfs hefe, they rnay^ 
therefore be examined in' their places. ' ■ 
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Ghymifts difiinguiih various ibrts of vehzt 
they call faftitious or artificial airs, tq wit, tkc 
fixed, the mephitic, the inflammahie, the m- 
trous, the acid, the alkaline, and the phlogif- 
dc air* Dodor Prieftly fays, fixed air is p^- 
elaftic, and to be found over fermenting li- 
qpors, and alfo in chalk, marble, and &cK 
cakarious bodies. Now that air ihould be 
able to feparate itfelf from the parts of the 
body \rherein it is by nature contextured, 
and at the fame time be non-elaftic, is rather 
paradoxical; but diftinflive names, for thefe 
^irs are ufefiil. The term mephitic^ is ufisd 
to denominate fuch airs as are noxious to 
animal life, as that of fulphur and charcoal j 
fulphur however, gives name to an air ex- 
trafted from bodies of that nature, as the air 
obtained by means of a nitrous fpirit, is 
called nitrous air, and that from falts or 
acids, kacid air; that gained from inflam- 
mable bodies is injiammable ; alkatine air is 
that cxtrafted from vegetables. Thus phi- 
lofophers find, by their minute enquiries, that 
every body produces an air peculiar to its 
predominant nature, although all thofe kinds 
of air have but one elementary principle ; 
which is an experimental proof of what we 
have advanced in our laft Lefture, to wit, 
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that air and light are accretive fubftances, 
which give vigour and magnitude to growl- 
ing bodies, but which are fomcwhat changed 
from their elementary form, and affimilatcd 
by the Divine efficacy of the Creator's law, 
to the peculiar nature of the body, to whofe 
compofition they accede* And doubtlefs, if 
they were not endowed with this affimilating 
faculty, the bodie§ moft diflferent in kind, 
in the fucceffion of ages, from an accre- 
tion of the faitie elementary matters. Would 
degenerate into one and the fame kind ? in 
which cafe, we £hould not this day enjoy 
that admirable variety of beings, fo different 
in nature and properties, which is difplayed 
throughout the univ^rfe. * ' 


J v » 


It is on account of tliis patural power of 
^ifiinilatibn, with which the Creator has en- 
dqw^d all bodiesj and which we plainly dif- 
Cov^r, at le^ff, in kll growing bodies^ that 
th^ elementary matters, fire, air, and earthy 
are fpun^ i^ all ' compound bodies, but 

varioufly modified. However, whatever 

• • • - • ■ 

changes thefe elementary matters undergo, 
can never deprivt them of their refpeclive ef- 
fences ; for we have proved that the effenc^ 
^8 infeparable from its fubftance : confe^ 
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quendy, as we have feen that the elaftic mat- 
ter is the bafis, and conftitutes the eflence of 
air, no air, however charged, or infe<^ed it 
may be, can be fuppofed un-claftic, but more 
efpecially, when fiich air is produced and fc- 
parated from its native body by the exertions 
of its elafticity* 

Fire may now perhaps be made appear as 
iiniverfal in nature as air, according to the 
opinion of Boerhaave ; for, although it be 
latent and dormant in moft bodies, yet when 
excited and urged to come forth, it foon dif- 
covers itfelf, either by heat^ light ^ or expan^^ 
fton^ which are the charaderiftics of fire, as 
the fame learned chymift coUedts from his in- 
defatigable refearches after fire, and its pro- 
perties. Of thefe three properties, expan- 
iion be declares to be the moft conftant and 
infeparab^e charafteriftic of fire ; for, while 
he finds light without heat, and heat without 
light in body, dther, or both are always ac- 
companied with expanfion, which, accord- 
ing to Sir Francis Bacon, is the eflence of fire. 
The following Lemma will obviate difficulties, 
and facilitate our inveftigations on this'fub^ 
jcft: 
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LEMMA, 

A thing, or the natui^ iign of a thing, 
coming from a body or place, is an adua} 
and rational proof that faid thing was, or h 
refident in that body or place. 

* * 

Otherwife efiecls would not be a guide tQ 
their c;jufc5, and experiments would be ufe- 
lefs in philpfephy. The conveiie : however 
ef this rule is npt fo eafily to he admitted ; fo 
that tho' evidence force us to conclude, that 
fire cxifts wherever its natural figns are difco- 
yered, yet our deference for the weli^ound- 
1^ opiaioa of Boerhaave, will npt allow us 
to adppt a contrary perfiiafion, whpre we 
do not immcfjti^AfiY difcever thefc cji;w:t6t«r- 
ifties* SometiHHis we fliaU nm^ bodies, which, 
thoii^ lu-^ed in every ounner, exhibit none 
of thp£b charaiterifiics ; however they are 
npt to be prpuounoed 4eftitute of fire : fpr^ 
if tJbeir ^alities and powers are found to be 
imprpv^, firengthened, and revived by fire, 
it is natural to fuppofe, that the fame powers 
and qualities are nouriflied and preferved in 
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the body by its innate fire, however latent k 
may be. 

Few would attribute fire to lead, yet, on 
being hammered, it becomes warm, which is 
a fign of its innate fire. Neither w^ould a 
ftranger to the efieds of gunpowder tittri* 
bute fire to it, for it fliews neither elafticrty, 
heat, nor light, until touched by a fpark ; 
but then it difplays thefe chara<5ters of -fire in 
a prodigious degree : whence, try our Lem* 
jna, we have a certainty that fixe is inherent 
therein. Gunpowder muft derive its &*€ 
from the fire of its ingredients, whidi air 
fulphur, nitre and charcoal, and perhapsirom 
air and light. Sulphur is afbflH fobftapce, 
replete -with fire peifedtiy latent, ^ntfl it tc 
touched by a fpark ; it is therefore the chief 
comibuftible ufed in the the preparation of. 
fire-fhips. Lead, with moft metials and fe- 
mimetals, contains its fulphurs, for whidi 
reafon, they ail* exhibit figns of fire when 

properly urged. 

> 

Nitre is not fo much a foffil, as an exube- 
rance in old walls, and in the earth, exuding, 
according to Boerhaave, from the furround- 
Ing bodies. Its origin is as yet the objeft of 
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GOiy'eAure. But it has a very expanfivo 
power, and is therefore employed in gunpow- 
der aiid fire-fhips* The wood whereof char- 
coal is made, is a good kind of fuel, which, 
in burning, a£Fords heat, light, and a ilrong 
flame. Two pieces of this wood, when dry 
and hard, if rubbed together, wiR' firft grow 
wartfi, afterwards turn black, and then kin- 
die. This is a refource amongit the Anxeri- 
can Indians, which fupplies the want or ig- 
norance of flint and burning-glafTes. 

It is well known, that a well fliod horfe 
in trotting, will flrike fire out of fiones. 
Steel will produce the fame efiect on flint, as 
will a fmaft fliroke of an hammer upon any 
kind of {lone or hard nietal, upon loaf fugar, 
and feveral other fubftances. Thefe effefts 
are in general only difcernible in the dark ; 
fometimes indeed they become perceptible in 
the light, by kindling gunpowder or other 
combuftibles. Timber and foft metals, when 
their interior fires are excited by friction, are 
likewife capable of inflaming fuch combuf- 
tibles. It were to be wiftied/we could thus 
derive from experience, fome intelligence re- 
fpecking ice ; for the conftant reports of ex- 
pcricnce, taken from the common and ufual 
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operations of nature, are more folid iatid fa- 
tisfaftory grounds than any particular expe* 
riments, which, however, are often the foun- 
dation of a theory. All thefe bodies haviS a 
reftitutive power, AXrhich is difcoverable by 
the pendulous teft: they have alfo the fa- 
culty of producing found, which is another 
proof of their elafticity, and even of their 
containing fire, as we fhall now fee. 

When two piec^ of dry wood, or any 
other hard elaftic bodies, are rubbed toge- 
ther for a while, with a preffive force, and 
a quick motion, ^the tremours and vibra* 
tions of the parts will warm the bodies, and 
excite motion in their elaftic fpecies, towards 
the frifted furfaces, where the fpecies, croud- 
ing and acting on itfelf, caufes heat. This 
heat, if the rubbing be continued brifldy, 
will ftill increafe, by the conftant flow of the 
fpecies to the furfaces; at length, when a 
quantity of it is collefted on the rubbing 
furfaces, if the bodies employed be wood, 
^he fpecies nourifhed by this fuel, agitated 
by its own clafli, and fanned by the air, will 
kindle into fire or flame ; to prevent which, 
the naves and axles of coaches, carts, mills, 
and other machines, are greafed, to diminifli 
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their fridion, or frequently wetted, to pre- 
vent inflammatJon, 

Th]9 explanation of the otrigin of flame, 
may be confirmed by this obiervation. A 
red coal, if fet alone on the hearth, will 
foon grow black and extinguifh ; but if laid 
clofe to another equally hot, the fire at their 
touching furfacesf will continue, and rife to 
a flame, while, on the other fides, it will 
foon die away ; which fliews that th^ oppof- 
ing efforts of the fiery fpecies thus meeting, 
and a^ing againft each other, enliven and 
p»eferve thcjir mutual vigour, Juft fo, in the 
foregoing experiment, the elafliic fpecies be- 
ing agitated, and excited to greater vigour 
by it$ conflid between the frifted furface$i, 
produced heat and flame. If the bodies were 
not of the fuel nature, their fri(5lion would 
not occ^fion flame : hard bodies indeed^ 
by a fmart ftriking or rubbing together, will 
enait fparks, but foft ones will only, heat, 
or grow warm. 

The effecl produced by a fuddcn ftroke, is 
fomewhat different ; for, in this cafe, the 
elaflic fpecies of the ftriking bodies fprin^s. 
to the point of conflift, where by the 
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clafh of the elaftic matter, flame is produced, 

• 

often fo intenie, as to vitrify the ihivered 
particles, and make them fly off in glowing 
fparks ; as, for inftance, upon the collifion of 
fliat and fieeU Similar to this, is the effed:^ 
of which a perfon isfenfible, who receives » 
fmart blow upon the eye ; for he thinks 00 
the occafion, that fire is ftruck out of it, the 
fenfibility of that organ correfponding with 
the velocity of its objcft. When a perfon 
fhuts his eye, he has the feniation of a dark 
medium, filled with atoms of a dim lights 
and in a confufed motion : the eye being 
then preffed, the darknefs in one part dimi- 
niflies ; if the preffure is inc^afed, that part 
becomes brilliant, as if the lightfome pzrti* 
cles were there colled:ed, and ready to flaih 
out, were the impreffion more violent, like 
that of a ftroke. 

• 
The refemblance between thefe fenfations^ 

and the phaenomena obferved on the fridion 
or collifion of hard bodies, Ihews a vaft aJE* 
nity between the fpecies of light in the eye, 
and the elaftic fpecies of thefe bodies ; and in- 
duces us to think they are one and the fame 
thing in fubftance and effence : for the fame 
caufes produce in both the fame cffeft, and 
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follow the fame mode of ojpcration; tliercr^ 
fore, according to the rules premifcd, their 
principles, that is, their fubftances and ef- 
fences are the fame. We are likewife to take 
notice, that ele6hricity is excited by rubbing, 
whereby an eleftric fluid is collefted in the 
frifted body, and emanates fo copioufly and 
potently, as to agitate a feather, leaf-gold, and 
fuch light bodies, at the diftance of ten or 
twelve inches. The fame fluid will dream 
from a point of the impregnated bar, with 
fuch rcpulfive force as to turn a wheel rapid- 
ly, and in the dark to appear a luminous 
flame: all which phaenomena agree again 
with thofe already compared, relative to the 
eye and the frifted bodies. There is this one 
difference, tliat the elcflric fluid is excited 
by rubbing an hard and foft body together ; 
whereas fire is excited by rubbing together 
two hard bodies. But this difference in the 
agents, produces a correfponding difference 
in the effcfts ; for the hard bodies by their 
friftion, excite a ftrong flame, while the 
hard and foft, excite but a foft mild flame. 
And this diftiiiclion is again oppofed by a new 
refemblance ; for the bodies which produce 
the eleftric fluid muft be dry and elaftic j as 
muft alfb thefe which produce flame. 


V 
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Again, it feems that this common principle 
of elafticity and eleftricity in bodies is alfo 
the fource of their fii'es ; for in elechic expe- 
riments, the electric fluid, which turns a 
wheel, will in the dark appear to be a bright 
flame : now, if like effects arife from like 
caufes, the fires already mentioned, gene- 
rated by the collifion and friftion of bodies^ 
muft arife from their elaftic matters ; and 
therefore the elaftic n^atter ^of bodies is the 
fource of their fires. We have feen that 
fiones, metals, and in general, all bodies ex- 
hibit figns of their innate fires, by collifion, 
or fridion ; we know alfo, that coal, and 
other foflils, ferve for fuel iu many countries ; 
other nations employ wood and vegetables 
for the fame purpofe ; all countries in ihort, 
are fupplied with fire from the furface or in- 
teriour parts of the earth : Gnct therefore, 
fire is found in every | part, the whole earth 
muft be replete therewith, 

« 

This conclufion is again evident from th<^ 
vulcanos that furround the globe. Vefuvius 
in Naples, Mtuz in Sicily, and Hecla in Ice- 
land, ire in the moft fouthem and northern 
parts of Europe : there are others in different 
parts of Afia, Africa, and America, which fhew 

O 
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clearly that the whole earth is full of its fires, 
and combuiUble matters. 

■■9 

The cxpanfive force of gunpowder docs 
not point out the effence, and predominant 
power of fire fo confpicuoufly and tremen- 
doufly, as the phaenomena of vidcanos and 
burning mountains. " A vulcano/* fays 
Dgftor Goldfmith, " may be confidered as a 
*^ cannpn of an immenfe fize, the mouth of 
*' which is often near two miles in circumfe- 
" rierice. From this dreadful apperturc are 
*' difcharged torrefifts of fiime and fulphur, 
" and rivers of melted metals ; whole clouds 
** of fmoke. and'aihes, with rocks of enor- 
" mous-fize, are difcharged to many miles 
** difence ^ fa tliat the force of the moft 

powerful artillery is but a breeze agitating 

a feather, in cbmparifoii.*- 




In Japan and its adjacent iflands, are feve- 
ra(l burning m(o>iiitains. 1 hey arc alfo found 
im Java, Suniatra, and other.of.the Phillip, 
pine and MDljucqa iflands/ There are num^ 
bers in Mount Taurus, and other parts of 
Afia. In Africa, the ifland of Delfugo, and 
the Peak of TcnerifF, are conftantly bui'ning. 
But of ail parts of the earth, thefe dreadful 
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dperations of nature are xnoft confpicuQUS in 
America ; Vefuvius and jEtna are but fire- 
works in comparifon to the burning mouUf 
tains of the Andes, which are at the fame 
time theliigheft mountains in the world, and 
the nioft formidable for their eruptions. 

The violent eruptions of thefc vulcanos are 
evidently occafioned by, and univerfally 
afcribed to, the explofions of the fubteniaiie- 
ous fires, wherewith the earth is every where 
replete. The expanlive power of thefe fub- 
terraneous fires, and their efforts to explode, 
are alfo allowed to be the caufe of earth- 
quakes, which fpread whole countries with 
ruin and defolation. Both thefe phaenomena 
are ftriking, but fatal inftances of the expan- 
five force of fire. Vulcanos however are far 
the lefs fprmidable, as their effefts may be 
forefeen, and being confined to ftated places, 
are eafily avoided : they may even be confi- 
dered as ufeful ; for they feem to be fo many 
chimneys or vents, fonned by Providence 
to difgqrge thefe burfting fires, and fp pre- 
vent earthquakes, which fliould otheirwife 
arife from the tremours, heavings, and ex- 
plofive efforts of the expanfive matters em- 
bofomed in the earth. For thefe expanfive 

O2 
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matters, when excited by friction, colliiiofi, 
or fire, whether they burft from their bed in\ 
a perpendicular diredion, or range in confla- 
gration through the caverns of the earth, find 
vent through thofe right or oblique- fiflures, 
called vulcanos ; and by ifluing forth, fpend 
that force, which, if confined, would pro- 
duce tremendous earthquakes. Thefe re- 
marks are verified by a recent event, the 
knowledge of which we owe to the curiofity 
of Sir Richard Hamilton. During the late 
earthquakes, in Calabria, the eruptions of the 
vulcano Strombolo, were obferyed greatly to 
abate; but, when the eruptions recpmn^nced 
with their ufual violence,, the earthquakes 
ceafed, becaufe the inflaiftmable matters had 
then returned to their native channel* ^ • - 


* .. . f c • .. i ' ■ .-'V WJ 


The concomitant circumftances of thefe laft 
ftupendous effects, are a further proof of what 

T 

we here advance. They arc thus defcribed 
by Gddfmith. '* A rumbhng found,^— a vio- 
f * lent agitation of the fea^-— ^a fpouting up of 
*' watei^ to great heights,— a rocSing of the 
" earth to and fro, and fometimes a.perpen- 
" dicular. bouncing,'* &c. Thefe are all clear 
indications of the cxpanfive force and vigour 
of fubterrancous fires, and make the earth 
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fcem a kind of bomb, or body fiDcd with cx#. 
plofive combuftiblc matter. Sir William Ha- 
milton, in his account of the earthquakes in 
Calabria, which happened in 1783, relates, 
that a great number of towns, villages, and 
farm-houfes of that province, were totally 
ruined by the firft fhock on the 5th of Febru- 
ary ; and the more diftant ones were greatly 
damaged by the fubfequent fliocks of the 
earthquakes, on the 7th, i6th, and 28th 
February, and on the ift of March, during 
which time, the earth was in a continual tre- 
mour, with alternate fhocks at different times 
and places ; that many openings and cracks 
had been made within that fcope, fome hills 
lowered, others quite levelled, deep chaims 
made in the plains,^ which rendered the roads 
impaflable, huge mountains fplit afunder, and 
great parts of them driven to a confiderable 
diftance. He relates, that in Calabria Ultra, 
the furfacc of two whole tenements, with 
large olive and mulberry trees therein, fitu- 
ated in a valley perfeftly level, had been de- 
tached by the earthquake, and tranfplanted, 
the trees ftill remaining in their place, to a 
great diftance from their firft fituatioh ; and 
that from the fpot where they formerly ftood, 
hot water had fprung up to a confiderable 
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height, faiixed with fand of a ferraginons 
nature. He was affured that the vulcano 
Stroiribolo had fmokcd lefs, and thrown up 
alefs quantity of enflaiiied matter during the 
earthquake, than it had done for fome years 
paft. He tells us, that altliough the objeft of 
his prefent journey was merely to view the 
fpots which had fuflFered by the calamity, his 
attention was continually called away and loft 
in the admiration of the fertility and beauty 
of this rich province, exceeding by many de- 
grees, as to fruitfulnefs, every country he 
had feen.^ Belides the two rich productions 
of filk and oil, in which tliis province fur- 
palTes every other country perhaps in the 
whole world, it abounds with corn, wine, 
cotton, liquorice, fruit, and vegetables of 
every kind, and its population and induftry, 
kept pace \vith its fertility. Hence we fee 
that the earth is naturally provided with 
ftoves and hotbeds, or is rather itfelf one uni- 
verfal hotbed, to accelerate vegetation, and 
force up the juices to the tops of plants and 
trees, be they ever fo high ; while to raife 
the juices tu the tops of capillary tubes, 
is beyond the power of attradion. Thus we 
find fire in every part and produdtion of the 
earth. It every where difcovers itfelf by its 
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fenfible qualites, but more particularly its ex- 
panfion, which, according to aU philofophcrs, 
is the very eflence of fire. 
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SECTION IL 


Txcc traced through Water and Air- 

AS water cxtinguiflies fire, and feems to 
be of an oppofite nature, it may appear 
ftrange to carry into this fluid our refcarches 
after fire. But, although we cannot here 
exhibit it as fenfibly as in the earth and its 
foffils, we fliall fliew its charafters fo.corifpi- 
cuoufly, as, according to our Lemma, to el- 
tablifh its refidence there, and corroborate 
Boerhaave's affertion, tliat there is not a body 
in nature dejlitute of fire. We have proved 
in the preceding Lectures, that water incor- 
porates much of the elaftic matter there men- 
tioned ; and have fhewn this fubftance to l^e 
the fource of its undulating power, and dif- 
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fufive force, Thcfe qualities have a great af- 
finity to expanfion, the cffence of fire ; but as 
a fingle property is not a fufEcient founda- 
tion for a general conclufion, we fliall now 
exhibit the other charaftcrs of fire,. 

Sailors affirm, that during dark nights, 
when neither moon nor ftars appear, with- 
out ftreamers, fire-balls, or any other mete- 
ors, they perceive fhips or rocks at fuch a dif- 
tance, as to be able to dhange their courfc, 
and avoid danger. Now as it is impoflible to 
fee without light, we muft conclude, that tlic 
medium of vifion here emanates from the 
water, and thus affords a fign of the fire 
there contained, and even a more fenfible 
one, than wood or Hone will exhibit, un- 
lefs they are urged by friftion or coUifion, 
Thefe operations require a cohefion and elaf- 
ticity of parts inconfifi:ent with the nature of 
a fluid J as far however as fridion is appli- 
cable to water, it will difcover the fire there 
latent. 

In a florm, when the waters are deeply 
agitated, and the fwelling waves fall with a 
violent laihing on the furge beneath, the la- 
tent fire, roufed by the conflift, difplays it- 
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felf to view; for, while the heavens arc 
wrapped in darknefs, the horizontal fcope is 
illuminated with gleams of light, which iftue 
from the broken waves, and fliew the horrorg 
of the fcene. Light then arifes from water, 
when excited by friction, or coUifion, as it 
does from hard bodies ; fhould not the prin- 
ciple therefore be the fame in both, when the 
operations and effects are the fame ? 

It will perhaps be objefted, that heat makes 
a difference ; for belides light in hard bodies, 
friftion produces heat, which has not been 
obferved in the foregoing inftance. But the 
report of Captain Phibbs removes this diffi- 
culty; for, on his return from the North 
Pole, whither he failed to explore the norths 
eaft paffage, entering the German Ocean, he 
met with a florm, whereupon he wias flruck 
with a curiofity to know, if the agitation of 
the lea excited heat, as it was kuown to pro- 
duce light. To make the difcovery, he or- 
dered water to be taken up £rom various 
depths, into which having plunged the ther- 
mometer, he, found the fpirits rofe feveral de- 
grees ; which fhews the agitation of the wa- 
ters had produced in them an heat greater 
than that of the atmofphere. Now as they 
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received not this heat from atflroad, it muft 
have been the efied of their own innate fire, 
enlarged and adhiated by the motion of the 

waves. 

The fame eflPeft, though lefs fenfible, is 
experienced by thofe who are accuftomed to 
bathe, for they find that the water when 
thus agitated, wants much of the piercing 
cold they feel in it when calm and fettled. 
We fee in the fame manner, the churning of 
milk makes it waim. Heat then, as we have 

laid before, is excited in fluids, as well as in 
hard bodies, by fri&ion. Jf then fuch exci- 
tation be a proof of fire in the one, the fame 
inference fliould be drawn with regard to 
the other ; and water, which joins a fenfible 
heat with fuch a profufion of Kght, muft be 
allowed to contain the principle of both, 
which is fire, and partake of its effence, which 
is expanfion. 

We have, in the foregoing LeAures, 
proved the exiftcnce of the elaftic matter in 
water ; we have alfo fhown that this matter 
is the fource of powers and qualities, but of 
expanfion in particular. Expanfion we hav 
again obferved to be the eflence of fire ; when 
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therefore water, t)r any other tody, exhibits 
this property, (without recurring to our 
Lemma) we fhould conclude it contains fire, 
to whidh this property effentially belongs. 

Nowthe round eafy curl of the watery furgc, 
the fwell of its waves, with their found and 
roar, are the effefts of expanfion. The cir- 
cular waves that are fucceffively generated by 
the fingle plunge of a ftone, the fteadincfs of 
a feather or chip, which continues in the 
feme place, while thofe circular waves pafs 
and expand themfelves under it, and the dif- 
fiifipn of thefe waves, even againft the ftream, 
are likewife owing to expanfion. The long 
continuance of the fwell and roar of the 
waves, after a ftorm has ceafed, their often 
rifing and rolling without any wind to ex- 
cite their motion, like the atmofphere, which 
is often thrown into perturbation by la- 
tent caufes, all thefe effefts, I fay, invariably 
proceed from tht fame caufe, to wit, expan- 
fion. 

If expanfion be not the caufe of^thefe ef- 
fects, what other principle fliall we afcribc 
them to ? We know no other, except at- 
traftion or gravitation, both of which, ac- 
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cording to the idea we have of their power, 
are inconfiftent with thefe phenomena ; for 
the power of the one is to bind things toge- 
ther, and of the other to bear them down to 
the centre of the earth : if then thefe two 
were the predominant, I (hall not fay the 
fole principles in water, how could fo many 
circular waves arife after the (ingle plunge of 
a body into water, or diffufe themfelves fo 
widely ? Gravity would oppofe the one, and 
attradion prevent the other ; and both jivould 
oppofe that fwelling . and perturbation of the 
waves, which outlives, and fometimes pre^ 
cedes a ftorm. Far from having fuch phae- 
nomena without wind or tide, if gravity and 
attraction were the chief agents in water, 
both wind and tide fliould be very powerful, 
before any fuch phaenomena could arife j for, 
in all cafes, caufes muft be adequate to their 
effcfts, and e&fts to their caufes, otherwife 
farewell to philofophizing by fynthcfis, ana- 
Jyfis, experiment, or analogy. 

We fliall now purfue our hiftory of fire 
through air ; for this purpofe, we need not 
afcend to the upper regions of the univerfe, 
fincc every burft of thunder feems to fill our 
atmofphere with flame and lightning, all the 
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effeAs of which are fo many proofs of its elaf- 
tic force. Its deyaftations upon animals, ve- 
getables, and the earth itfelf, with its tremen- 
dous roar, are dreadful inftances of elafticity ; 
and that glow that fills the atmofphere from 
a (ingle flafh, clearly exhibits the effence of 
fire, viz. expanfioii. 

• t 

The eleclric fire, colleded from a thunder 
cloud, the Aurora Borealis and Auftralis, and 
other ftreamers (which in the frigid zones, 
and other high latitudes, feem to fupply 
the abfence of the folar light and warmth) 
fire-balls, and all the variety of fiery meteors, 
are glaring proofs of real fire in the heavens ; 
and when taken together, feem to confirm 
the opinion of Boerhaave, that the atmo- 
fphere is the great magazine of all our light, 
heat, and fire, which are only direfted to us 
by a power in the fun. This opinion was 
originally broached by the younger Lcpiery, 
^nother eminent chymift of the laft century^ 
not far inferior to Boerhaave, who fiands 
unrivalled in that fource of experimental 
knowledge. His opinions therefore deferve 
the utmoft deference, particularly in a trea- 
tife where the principles and powers of na- 
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tore are inveiligated, amongft which fire 
holds the mofi coixfpicuous place. 

It i* evident, tliis great chymift made fire 
the peculiar objeft of his enquiries, from the 
ftrefs he lays upon its influence and opera- 
tional. Without it, he declares, there never 
has been nor can fubfift, a chymical opera- 
tion. It is, he fays, on account of its prodi- 
gious power, cxtenfive effefts, and furprifing 
mode of afting, that the wifeft nations of 
old worlhipped fire as the Supreme Deity. 
He makes it the principal caufe of almoft i}l 
the fenfible eflfefts that fall under our obfer- 
vations j but remarks, that it is of fo fubtile 
a natiire, as to elude the moft fagacious en- 
quiries ; whence, by fome it has been looked 
upon as fpirit rather than body. We ihall 
Aerefore cake into confideration hi$ opinion 
on this fubjeft. The fun is univerfally con- 
ceived to be the fountain of heat and light, 
and the great magazine where the Creator 
ftored up fire for the purpofes of nature. 
This opinion however, both Boerhaave. and 
Lemery oppofe ; the former deUvers his fen- 
timents in the following words, (vol. i, page 
1 50) " I have been a great while in doubt 
" whether I fliould venture to publifh an opi- 
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** nion which I have long revolved over and 
** over in my own mind. It feem& probable 
*' that the fun docs not, in reality, emit any 
ignious matter, to which we can afcribe 
any of the aftions of fire that fall under our 
obfervation ; but that it has only a power 
of determining the pre-exiftent fire into 
parallel right lines, without making the 
" leaft addition thereto,'* &c. 

This opinion, when properly confidered, 
will appear as unphyfical, as it is fingular ; 
for, fincc we fee that the light of 1 candle 
waftes, and entirely exhaufts the tallow or 
wax that fuflains it, that it cannot fiibfift 
longer than while it is nouriilxed and pre- 
fervcd by fuch food ; that all fires \irt are ac- 
quainted with, require a fuel or pabuliim to 

fupport them, and to fupply the lofs they 
fuftain by their efRifions of heat and light j 
we muft conclude by analogy, that die light 
and heat we perceive coming from the futi, 
are really part of his fubftance, as the heat 
and light now mentioned are of the candle, 
or culinary fire. We muft alfo, by the fame 
rule, conclude, that the fun is conveniendy 
provided with an inexhauftible ftore of food 
to fujpply the lofs of fubftance ht his fuftaincd 
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by his conilant cffufions of heat and light, for 
near 6000 years already elapfed, and which 
he fliall fufFar durino; the remainder of his 
exifience. 

If comets were the only fuel and food de- 
iigned for this purpofe, they ought at the be- 
ginning to have been more numerous than 
the ftars, and fhould approach him more fre- 
quently than once in fixty or an hundred 
years ; for there are good reafons to fuppofe, 
that a comet would fcarcely fupply the waftc 
he fuffers in the courfe of one year, or per- 
haps of a day. This we ihall hereafter take 
into confideration ; and if we find not food 
more adapted, and fufficient to preferve his 
magnitude and vigour, (which, by the way, 
fecm to be permanently the fame) we muft 
fubfcribc to this, or fome fuch Angular opi- ' 
nion ; for the prefent, however, we Ihall not 
be backward in expofing its difficulties, and 
bringing it to the teft by the phaenomena of 
the planets, and celeftial obfervations. 

The almofphere, according to this great 
chymift, is the magazine of what he calls 
pref-exi/iing9 fire j but, according to our con- 
ceptions, it only contains a portion of that 
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light, which the Creator made and blended 
with the chaotic matter^ to warm^ enliven^ 
and prepare it for the intended productions* 
To explain this notion, all the luininous ntiat-^ 
ter originally created, "We conceive to havd 
been thus difpofed of ; oile part 'v^s blended 
with the primordial matter, to fit it fo!r the 
formation of terreftrial bodies, which \ire find 
to be all compotmd } of thefe the atmofpherd 
is the moft exteiiiive : It therefore contains a 
confiderable portion of this light, interwoven 
with the other clemeritaiy matters, and there-^ 
by condenfed and confined in it, in the fbrtn 
of Boyle's elaftic matter, a fubftance, fince 
his time, little Obferved or inquired into. 
The remaining part of the luminous matter 
the Creator coUeficd into the bodids of the 
fun and ftars, which were thus formed as 
ftores of light for the fuccelfive exigencies of 
their rcfpecHve fyftcms of planets, and the 
general purpofes of nature. 

Boerhaave, on the contrary, fuppofes that 
the fun only has a power of determining the 
light of the atmofphere in parallel lines j fo 
that he direfts it to us, while above our ho* 
rizon, but when fct, direfts it to our Pcrioeci, 
Antipodes, &c, 

P 
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Now adcording-to this hypothcfis, the in* 
ferior ^nets could not be obfctire in their 
inferior conjundions, horned before and af- 
ter, or appear as blaek fpotis on th^ folar diik. 
The moon, in a folar ecKpfc, would not ap- 
pear as a dark body pafEng over the fun : 
fhe would not, in this fuppoiition, be ob- 
fcure in conjundion, or appear horned be- 
tween that and her quadratures : for the at-- 
moipfaere being a magazine whofe faitent fire^ 
the fun blows up to give us lightt it fliould 
ejilaghten all things tha.t are in, or near the 
line between us and the fun j now all thefe 
planets are fo fituated in, or near their infe- 
rior conjundions : confequeptly, Venus and 
Mercury (hould, in this pofition, be brighter 
than in the fuperior conjunction, or even 
thah the fun himfelf, being there nearer to 
the foiu-ce of light ; for the atmofphere, and 
liot the fun, in that fuppofition, is the lumi- 
nous body. 

The moon alfo, in the fame pofitidn, fliould 
appear as bright and full as in oppofition : for, 
when a luminous body is between us and an 
opake body, the fide of both which is next 
us, is illuminated ; and the nearer the opake 
body approaches to us, and to the interven- 
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ing lights the brighter it vnll appear. All 
this may be illuftrated by holding an jrory 
ball 01) the different fides of a candle^ whence 
it will immediately appear^ that the opake 
bodies mentioned, whether they regard the 
fun or the earth as the centre of their mo- 
tion, fhould be moil bright and confpidtous, 
when between the fun and us, being then on 
the other fide of our luminous atmo^here, 
and neareft to its influence, and alfo to us* 
How theii ihould we have the phamomena 
of folar eclipfes, or the tranfits, obcurations^ 
and horns of Venus, Mercury, and the moon, 
which attend thofe conjunctions ? From the 
impoflibility of thefe appearances, we muft 
conclude that the opinion of thofe learned 
authors is intirely erroneous : we mujft how* 
ever do them the juftice to fay, that the at- 
tempt, although it fiiiled of fuccefs, was a 
proof of their great phyfical knowledge ; for 
they feem to have been driven upon this hy* 
pothefis, by a true conviftion, from univer- 
fal obfervation, that no fiery body in nature 
can fubfift without fuel or food to fupply its 
effu&ms, a remark which has not been fuffi- 
ciently attended to by more mpdem philofov 

phers. 

P z 
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After fo obvious a confutation of this ttn- 
common fyftem, it is unncccffary to alk thcfc 
gentlemen, what conception can be formed 
of the fun's nature and formation, to explain 
this power of determining the light of the 
fiery fpace between him and us, without any 
emiflion of his own ignious matter : for iii- 
ft^nce, if we are to fuppofe that he deter- 
mines the intermediate fires as a mirror does 
light. But there is this difference, that light 
really exifts previous to the adibn of the mir- 
ror, whereas the fires in queftion are latent, 
and afibrd no light until they are excited and 
aduated by the fun. Muft we then imagine 
the fun compofed of an infinity of bellows 
fixed in his body, with their pipes out on his 
furface ? But here we want a perpetukl fup- 
ply of air, and a principle of adion, to diftend 
and contrail their dimenfions. Are we then 
to conceive him as refembling a bell, and de- 
termining the courfe of light in all diredions, 
as a bell by its undulations and vibrations 
propels and propagates found ? In this cafe, 
he ihould be furnifhed with an enormous 
clapper, and a force to perpetuate its mo-* 
tion. Finally, if he be fuppofed to excite 
and whiik up heat and light by revolving 
about his axis, he ihmild be equipped with 
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wings or whifks ftretched from his body, of 
a fizc proportionable to his bulk, and to the 
diftance to which his operations extend. In 
order to ventilate fire at the diftance of Sa- 
turn, their length ihould certainly, in the 
plane of that orbit, exceed the diameter of 
the fun, and being more confpicuous than 
SatuFR'S ring, fliould have been obferved by 
aftronomers, long before that difcovery was 
made. 

The fun therefore, muft be a luminous bo- 
dy, endowed with its own heat and light, 
^nd confequently compofed of fire. How 
immenfely great muft be his expanfiye force, 
to propel heat and light to the earth, and to 
Saturn, which is ten tinies farther off! His 
nature and fuel we fhall hereafter endeavour 
to inveftigate ; for doubtlefs the Creator has 
provided large ftores to fupply the conftant 
wafte he fuffers by his prodigious efiufions of 
fubftance ; and here we (hall terminate our 
hiftory of fire, which we have traced from 
the earth and its atmo^here, to the"fiiD, the 
great fountain of heat and light* 
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The Elaftic Matter proved to be the fam^ 
Tji^ith Nfcwton's Ether, with Elementiry Firc^ 
and with the Eleflric Matter. ; * 


SIR Ifaac Newton, after finlfliing his Prin- 
c^a^ and his expcritachtal piece upon optics, 
which were the chief part, if not the whole 
fef his wopks upon nature, finds an d^ic 
medium neceflary in ^1 'parts of fpace, to 
produce and preferv6 the lively operations of 
body, whether hard or fluid. In the i gth 
query, at the end of hi$ optics, he call? thii 
nutter an etherial medium, which, he fays; 
h exceedingly more elaftic than air, pervades 
all bodies, 4nd is difiufed through the h^ea- 
v^ns, vacuum, and all parts of fpace. Its 
tremours and vibrations, he affifiiis, are 


* I 
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fwifter than light, which is accelerated, re- 
tarded, tranfmitted, and reflefted }^y its, qpif- 
rations.. The fame etherial m.ediuni he makes 
the fource of thofe waves that arife in watejr 
where a ftone is plunged, likewife of ^e 
waves and trenjipurs that fpread on ajjl fid^sj 
in air, from the ringing of a bel^l, and w2^(t 
the found in all diref^ons. 3y ^ts vibra,- 
^ tions alfo, vifion and other fenfations are pro- 
duced ; it gives free motion to the plsmets, 
Ifind, in fliort, is the caufe of all the lively 
piotions in nature, (fee from the 17th to the 
25th query) yet he confeffes he knows not 
%?^hat it is ; but in order to gain it cafy belief 
and admittance, in his 22d query, he exhi- 
bits th^ power of magnetifm, which per- 
yades the hardeft bodies ; and of eleftijicity, 
wljiich, though imperceptibly fubtile, yill 
agitate leaf copper, and leaf gold, to the dif- 
tance of a foot from the cleftric body. 

J'irft then, if we compare the elafticity of 
this ether, ^hich the great Newton at the 
fummit of his knowledge, conceived necef- 
jfary for the operations of nature, if, I fay,i 
we compare the elafticity, expaniion, and 
tremours of this ether, with the qualities of 
pur elaftic matter, which we have proved to 
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be the caufe of thefc operations, and fliewn to 
be the bafis of air, conceived by the clear- 

fighted Boyle, in which its fpring and vigour 
efTentially Confift, it will appekr to every per- 
son verfed in the laws and method of philo* 
fophizing, that Boyle's bafis of iwr, Newton's 
ether, and our claftic matter, are one and 
the fame thing, Under diflferent appellations | 
btherwife two ox* more caufes mnft bie admit* • 
ted for carrying on the' fame operations, and 
producing the fame effefts, which is contrary 
to the limplicity of nature; and to admit 
in nature moire caufes than efFeds, is likcwifc 
contrary to reafoh. ' 

» 'm '■ • ' * ' . 

Secondly, in our prefent Lecture we have 
traced fire through all the bodies in nature, 
and difcovercd it wherever any degree of 
clafticity was difcernible, arid wc have found 
its cffence to be expahfioh. Boerhaave agrees 
with us in both th^fe points ; he aflSlrms, that 
fire fubfifts in every body apd place m na- 
ture, and pronounces its' eflEcnce to be ex- 
panfion. ' Tt he learned an4 inftniftiye Bacon. 
ISkewife, h^s traced fire thrbugh a' variety of 
bodies, and compiled an hiftbiy of its effefts, 
arid fcnfible qualities, with an intention to 
difcover its/^rV;; or eflence. ' For this purpofc^l 
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jhc reduces his hiftory of fire to orderly tables 
of approximation and exclufion, and finds 
the form he fought to be expanfion ; hence 
^e defines heat to be anexpan/tve bridled mo'^ 
ilon^ Jiruggling in ihe fmalleji particles of bodies. 
{So that thefe great men ijitirely agree with 
us in the effence of fire, on which its powers, 
qualities, and vigour depend. 

Paying then, in our LeAurcs on elaflicity, 
fliewn that our elaftic matter is the bafis of 

* ... . V. . » . 

all lively powers and tremours in body, con- 
formabl^ to (he opinions of Boyle and .New- 
ton, and in the pr^f^nt having fhewn that ex- 
panfion or el;|tfticity is the eflence of fire, and 
the fource of its powers, qualities, and vigour: 
ihall we £iy there are in nature two dUlinft 
principles, w^ofe eflence is the fame, to wit, 
elafticity or expanfion, the caufe§ of all thofe 
lively powers and qualities of body, and both 
already difcovered in all the bodies we have 
examined,, (inert matter alone excepted)? 
Shall we not rather conclude, that thefe two 
matters, as they are the fame in eflence, are 
alfu the fame in fubftance, and consequently, 
i)ne and the fame ading principle ? 


254 UNIVERSALITY OF 

Wc have fignified that dafticity aad e^- 
paofion are one and the fame eficnce, an^ 
Y;iih juftice i for expanfipn cannot Aibiift 
without elaiUcity^ and both arc exertions of 
th^ fame fubfiance, as it is differently ex- 
cited : for, while our el^c matter, \n its na- 
tural adhefiye fiate, continues blende^ and 
united with all parts of the body, it remains 
dormant therein, and only difcovers itfelf by 
the dafticity and other qualities, with wh^cb 
it endows the body, and which may be judg- 
ed of by the variety of volatile and faftitioi<s 
airs thence extraflked. But when the body 
is urged by a ftroke, or fridion, or heated 
by any other caeans, the elaftic matter thus 
colleft^d and s^gitated, exerts an expaqfive 
fprce, which originally procee4ed from the 
repulfive treniours pf dafticity ; for the daf- 
ticity of this matter, caufes the impreflio|i 
made oh onfc part to cpmn^umcate through- 
out the whole, and tp produce a general re- 
ftoration, which, when exerted oh all fides, 
is called expan/ion. If the caufe of exqit^- 
tion be continued, the elaftic matter colleft- 
cd, agitated, and vivified, at length acquires 
that expanfive bricned motion, which Bacon 
defcribes ftruggling in the particles of the bo- 
dy, to generate heat. This heat will again 
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excite a ^eater degree of expanilon in the 
elafiic matter, while its crouding and firag- 
gling is ftill continued by friftion, until it 
breaks forth in a&ual flame, and obtains that 
ultimate degree of expanfion, which drives 
but its heat and light, fo as to warm and il- 
luminate the furrounding bodies. Ezpan. 
fion therefore, is no other than a repjiUfive 
elafUdty, acting at a central part^ fr09i 
whence it propels in all directions; take 
away then elafticity, and thi^ repulfion is loft, 
and confeqtiently expanfion ceafes. ' 

Again, to make this conception more eafy, 
every individual part of this matter is fimply 
' felaftic, while it quietly inheres in a particle 
of inert matter, arid only gives to this par- 
ticle a power of reftoririg itfelf, if compref- 
fed } but if that part of the elaftic matter be 
excited by heat, then its fimple elaftidty 
thanges into expanfion, by getting a repul- 
five power through the agitation induced by 
heat ; for a collefted body of thefe indivi- 
dual parts, when agitated, will, by thcar 
co-adtion and repulfion, generate expanfion : 
however, the ultimate degree of expanfidii 
is not attained until the body be kindled to 
flame. 
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Hence we fee the caufe and mode of exu- 
dations and perfpirations in animal and vege- 
table bodies ; we fee why heat excludes and . 
propels their juices and odorific fubftances ; 
why a difagreeable fmell furrounds an ani- 
mal body in the ftate of putrifaclion, and ex- 
tends to a diftance. This laft effeft, is a plain 
indication of the expanfive motion ancj form 
the elaftic matter ac(^uires, when excited and 
enlarged by the heat and difTolution of the 
parts, which attend . putrifadion* |{i the 
dark we fee a glow of light fiand round the 
putrid body^> which again proves thjit the 
elaftic matter, when agitated and cpllected, 
aiTumes the form of light ; if ftill more croud- . 
ed, fo as to ftruggle with greater violence, 
it begets flame and fire, as in moift hay, and 
heated vegetables: thus we fee our elaftic 
matter is the bafis of flame or fire, as well as 
of light, when its clafticity is improved into 
expanfion. 

» 

Thefe proofs ^rawn from experience, at 
once confirm the theory ^bove delivered, and 
the axioms on which it refts ; which axioms 
may »bc applied to our prefent purpofe by 
this argument. Subftances, we have fliewn> 
are ever adequate to their eflences, but thft 
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effences of the elaftic matter ind of fire have 
been proved the iame j therefore their fub- 
ftances are alfb the fame, and therefore the 
elaftic matter is the bafis of >fire, that is, fire 
'is the elaftic matter modified and vivified 
into th« form of flame. 

Thirdly, we have alfo remarked a foft 
mild flame excited by rubbing together a 
foft and hard body, which is called ele^rU 
city / we have obferved that a violent rub- 
bing and daflxing of the waves occafion light, 
accompanied with a fmall degree of heat, in 
the fame manner as the copious effufions of 
the elaftic matter, produce both in a putrid 
body. Light, in thcfe two inftances, has not 
an intenfity of flame, or power of burning 
fufficient to kindle the moft inflammable bo- 
dy, while elcdricity will kindle gunpowder 
or reftified fpirits ; and the flame excited in 
very hard bodies by friftion or coUifion, will 
kindle not only combuftibles, but even the 
firmeft kind of fuel. Whence we fee that 
the mode of operation is the fame in all ; 
that there is only a difference in the effeds, 
correfponding with the contexture and firm- 
nefs of the operating bodies : confequently, 
fimilar principles in thefe bodies, produce 
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thofe fimilar effeds } or, we ihould rather ^ly, 
the fame principle produces fimilar efiefb, 
when iimilarly contextured in different bo- 
dies, and different effeds, when differently 
contextured. 

Hence we may cafily infer, that if the 
principle, which thus indicates fire differently 
in the bodies, though the mode of operation 
be the fame, were alike tied down and con- 
textured in all, it would, from the iamenefs 
of principle, operation, and contexture, pro- 
duce the fame iritenfity of flame. And as 
the difference of intenfity may be explained 
by the difference of firmnefs and texture, we 
may pronounce the principle of fire to be the 
feme in them all : for we know from the fo- 
cal power of a burning-glals, that light is a 
diffufed flame, and flame a compaded • light. 
Since therefore, what we call the elaftic and 
cleftric matters, produce, by the fame mode 
of operation and excitation, effefts ultimately 
coinciding, their principles mufl coincide, and 
be one and the fame thing. 

For,.fince experimenters in eleftricity af- 
fcrt, that every elaflic body contains its elec- 
tric matter, as we have proved that all fuch 
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bodies contain their elaftrc matter, and fined 
the eflence of both is iiat fkme^ to wit, e:span^ 
fioii, will any one^ who confiders the fim- 
pUcity of nature, fay they arc different prin- 
ciples ? Principle Confifts of fubftance and ef- 
fence; fubilances too are as their effences^ 
and eflences are known by their propetiiities; 
as therefore the eflences are here the fame, it 
follows^ that the fubftances are the fanie: 
therefore the eledhic and daftic matter dif- 
covered in bodies are one and the iame prin- 
dple. 

Itius we fee that the elaftic matter is iden- 
tified with the ele^hic matter, and exhibited 
therein : fo that its being is fenfible to every 
on^e that has either feen or felt the pheno- 
mena of elechicity. The ele&ic matter is 
tranfported and condufted from body to 
body, as we have feen the elaftic pafs from 
body to body, and thereby fuperinduce on 
one body the qualities of another. Again, 
like the elaftic matters of different bodies, 
fo the electric matters of different bodies 
blend, when in fufion ; for glafs, wax, &c. 
though ekSrics perfe when hard, become wn- 
ekdrics when foftened by heat, or brought 
to a ftate of fufion ; which is a further con- 
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firmation of our conduiion. We have al- 
ready difcovercd in our elaftic matter, the 
etherial medium of Newton, the elaftic fpe- 
cies of Sir Robert Boyle, and the elementary 
fire of Boerhaave, into the laft of which 
forms it evidently changes, when coUedied 
and agitated by fridlion, collifion, putrifac- 
tion, or torrifadion, as may appear from the 
recapitulation, or from an impartial review of 
thefe fubjeAs where they are feparatdy treat- 
ed. The truth of this theory will hereafter 
more fully appear, when experimenters in 
deAricity and chymiihy, and other eflayers 
on the powers and operations of nature, fhall 
follow the mode of reafoning here praAifed, 
to wit, front tbe Jimplidiy of nature^ the Jiu 
nefs of things^ and other axioms, founded 
on the power and wifdom of the Creator. 

« 

Thus we have feen, that all the great phi* 
lofophers of the lafl and prefent age (who in 
moft things, experimental phylics particu- 
larly, have excelled their predeceflbrs) agree 
with us in one univerfal expaniive principle, 
though under different names ; this prin- 
ciple we have alfo traced through all the bo- 
dies of the earth, animal, vegetable, and fof- 
fil, and even through the elements, fire. 
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air, earth, and water; not by juggling in- 
ftnimcnts, contrived to favour particular 
hypothefes, nor by forced experiments, 
which, like the torture of the inquiiition, 
feldom extort real or ufeful difcoveries ; but 
from the fimple operations of nature, from 
the natural modes of thefe operations, and 
the efFe^s thence fpontanebufly arifing. In 
the next Ledure, we fhall take into coniide- 
ration thofe of its properties which have not 
been as yet fufficiently examined, in order 
that having- fully invcftitaged the fubftance,^- 
effence, and primary qualities of this uni- 
verfal principley it may be accurately defined. 
Its definition being formed, and its nature 
determined, it will the more cafily be di- 
flinguiflied from any other natural principle^ 
which may hereafter emerge in the courfe of 
inveftigation, and w^ fliall be the better ena- 
bled to explain its cflFefts, and employ its 
agency for our various ufcs and neceflitics, 
which fhould always be a principal objed in 
the cultivation of fcicnce* 


Q. 


LECTURE VI. 


The Texture, Compofition, and ElTcncc 
of the Elaftic Matter examined and 

defined. 
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SECTION I. 


Texture of the Elaftic Matter examined. 


H 


AVING now fully afccrtained the exif- 
tence of the elaftic fubftance, by purfuing it 

through the various forms it affumes, whe- 
ther from the nature and context of the 
body, in which it inheres, or from the dif- 
ferent operations, by which it is excited : the 
true method of philofophizing requires, thit 
we fhould at prefent colled from all our re- 
fesaxhes, the diftinftive nature of this fub- 
ftance, and its peculiar effence, to form its 
real and accurate definition. This however, 
upon examination, we find ourfelves ftill un- 
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qualified for ; our invcftigations have not as 
yet difcovercd, nor have we hitherto taken 
into confideration the texture or confiftency 
of this fubftance, that is to fay, whether it 
be one continuum of matter, wherever it cx- 
ifts, or be compofed of particles interfperfed 
with pores, as grofler matters are fuppofed to 
be, A doubt of this nature is fo contrary to 
general prejudices, that the enquiry to num- 
bers may appear fuperfluous and groundlefs. 
But in true philofophy, no point is to be de- 
cided without proof and examination ; and 
befides, it will foon appear, that the confidera- 
tion of this fubftance ihould naturally create 
a fufpicion .of its being continuous. 

Again, we have not as yet fufficient infor- 
mation relative to its effence ; for, although 
all the operations of this fubftance are analo- 
gous to expanfion, which the learned Boer- 
haave juftly ftiles the effence of fire, and all 
its fenfible qualities feem to originate in that 
power ; yet the nature of tremour, which is 
its moft conftant and univerfal effeft, requires 
fome aftive power different from expanfion ; 
for an elaftic wave, at the fame time that it 
expands and widely diffufes itfclf through 
the agitated medium, carries with it fome 

(^2 
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curb or reftrictive power, which, with in- 
ftantaneous pulfes countcrads the diffufive 
principle, and excites a tremulous vibration. 

Befides, we have often, in the courfe of 
thefe Leftures, difcovered the elaftic matter 
in an adheiive, conneded form, and appa- 
rently of greater fpiifitude in fome bodies, (in 
metals, for inftance,) than in others : now as 
adhefion is contrary to expanfion, iince we 
fee this fubftance is adheiive, mere expanfion 
cannot be its eflcnce. We fliall therefore 
continue our refearches, confident, that the 
folution of elafticity and of many other 
properties of matter, and operations of na- 
ture, depend on a true and accurate know- 
ledge of the fubftance and eflence of the elaf. 
tic matter. 

' But firft, as the continuity of fubftance is 
a property not confidered in our modern 
phyfics, the term may not be readily under- 
ftood : we Ihall therefore explain it. By con- 
tinuity of fubftance, then, I mean that this 
material fubftance is not compofed of atoms 
or particles that were originally diftincl and 
feparated from each other ; but that it is one 
continued mafs, without pores or interftices, 
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as we conceive any one fingle atom or par- 
ticle to be, according to our modern phyfics, 
in which particles are faid to be impene- 
trable, porelefs, and even indivifible. Wc 
however allow our continuous matter, 
though porelefs, to be penetrable, and even 
indefinitely divifible, that is, divifible farther 
than the mind can carry its conceptions of 
divifion ; which laft property would be im* 
poffible, were the component particles impe- 
netrable and indivifible. 

Our conception of continuity may be il- 
luftrated by the idea of a mathematical line. 
This line is not compofed of diftinft mathe<^ 
matical points, but generated by the motion 
of a fingle point ; and in this confifts its con- 
tinuity as far as it reaches. Whence a ma« 
thematical line may be extended, fliortened, 
or curved, without the idea of its cracking 
or breaking, which could not be fo properly 
faid, were it compofed of points or parts 
joined together. If lines were thus compofed 
of points, no two of them could be incom- 
menfurable, as the fide of a fquare and its 
diagonal are found to be ; for, if they were, 
a point would be the common meafure of 
both. 
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But as mathematics are a fcience founded on 
idea, which takes its origin in the mind, not 
in a knowledge of matter, and is only appli- 
cable in phyfics, in as much as it fervcs for the 
menfuration of body, and for the calculation 
of eflFefts arifing from powers already difco- 
vered j or like logic, to form the mind to pre- 
ciiion, and render it capable of a train of ra- 
tiocination ; therefore an illuftration taken 
froni this fcience may feem improper, as 
founded in idea. To obviate any difficulty 
on this head, we fhall explain our idea of 
continuity from the received notion of a par- 
ticle of matter, which, we prefumc, all who 
have read the modern phyfics arc fufficiently 

acquainted with. 

Sir Ifaac Newton, towards the conclufion 
of his laft query, fays, *' It is probable that 
" God in the beginning made matter in folid, 
" maffy, hard, impenetrable particles, of fuch 
** fizes and figures, and with fuch other pro- 
" perties, and in fuch proportion to fpace, as 
" moft conduced to the end for which He 
" formed them ; and that thefe particles, be- 
" ing folids, are incomparably harder than 
<« any porous body compounded of them." 
Let this notion be broached for what end it 
may, it is only advanced as a probability : 
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but it is a certainty, that the Creator of fub- 
ftances was not, in the creation of matter, 
confined to any particular form, texture, or 
confiftency whatfoever ; neither to hard nor 
foft, to indivifible particles, nor confiderablc 
maffes, nor tO/ any particular fize or figure : 
we are convinced, that He made every mate- 
rial fubftance, effence, power or propenfity 
that was neceflary or ufeful for the nature 
He had in idea at the time of the creation ; 
that He made all beings perfeft,' and endowed 
them with fufficient efiicacy to conferve that 
perfedion, to perform their funftions, and 
to anfwer the end for which they were de- 
figned, fo that they now continue what they 
originally were ; and fuch as we find them, 
fuch we fliall conceive them to have been 
created : allowance indeed muft be made for 
the changeability of powers and qualities, 
with their concomitants, according to "the 
changes we experience in nature, which her 
principles were originally adapted to pro- 
duce. This rule being laid down, we flxall 
take one of thefe particles into confideration, 
and we fliall find Sir Ifaac Newton himfelf as 
much involved in the continuity of matter 
with regard to his particles, as we are with 
regard to our elaftic raattdr. 
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** Solidy m^iffy^ impenetrable particles" he 
fays, ** incomparably harder than any porous 
•* body compofed of them/* Confequently, 
according to him, each individual particle is 
Toid of pores, that is, continuous in texture 
and fubftance. " Of fuch fizcs," &c. he fays^ 
therefore he admits it may be of any fize, 
proporjtioned to fpace, and confonanc to the 
end for which it was made. Here we have 
a porelefs mafly plarticle of any fize, may it 
hot therefore be as big as a foot-ball, nay as 
large as the earth or its atmofphere, if you 
pleafe ? Have we not thus The idea of ia large 
mafs of porelefs matter, continuous in tex- 
ture and fubftance,' and free from every no- 
tion of interfticial vacuities,* which is the 
very thing I mean by a tontihuity of fub- 
ftance in the elaftic matter ? ♦ 

!§ut tO; come to the application of this con- 
ception, let us cohfider how far this property 
is realized in the ilame, to which gunpowder 
IS reduced in the chamber of a mine, or piece 
of ordnance, the i lift ant previous to explo- 
fion. Conceive the intehfity, the iexpanfive 
vigour, and the irrefiftible' force of the fluid 
thus confined, and retaining this idea, let us 
fxaminc its texture and confiftency. But, 
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preparatively to this examination, let us firtt 
confider the flame of a candle, and think how 
porofity can be imputed to that thin yielding 
flame, compreflcd on all fides by the whole 
weight of the atmofphere : if it be compofed 
of pores and particles, there muft be fme* 
thing in thofe pores or interftices to keep the 
particles afunder, in a fluid of fuch tenuity, 
and fo flrongly comprefled on all fides. Again, 
iiizt fomething muft have refiftance, and that 
which gives refiftance is matter; confcquent- 
ly, the fuppofed * pores are full of matter ; 
and if other interftices are fuppofed to fubfift 
between thefe, they alfo muft contain their 
refiftive matters ; fo that every conceivable 
pore in this fubtile fluid, muft contain mat- 
ter equally denfe to rcfift the preflure of the 
atmofphere, which deftroys the idea of inter- 
fticial vacuities. Therefore all parts of this 
flame are void of pores, or it is a cojiiinuum 
of fubftance. And this conclufion from rea^ 
fon, is confirmed by fenfe; for who will de- 
fcry or exhibit a pore therein, even with a 
microfcope ? And where can light be fo con. 
venient to fee them ? Now if none are difco- 
verable in, or imputable to the flame of a 
candle, which is as far inferior to the fore- 
mentioned flame in fpiflitude, as it is in 

it— ■ ' , . - . - . ' , , ' 
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force, ean it be faid that a flame, capable of , 
i^litting a rock, has pores, or interfticial va- 
cuities ? No, fuch a confiftency would nccef- 
farily render its eflFcft feeble, and be inca- 
|)able of that expanfive force, which requires 
the fuftained effort of a continuous fub- 
fiance. 

Should any philofophy admit in a thing a 
property inconfiftent with its nature ? Should, 
at lesJl, a philof4>phy grounded on experiment, 
admit a property repugnant to reafon, un- 
lt& its fenfibility rendered its exiftence in the 
fubjeft undeniable? Now, in the flame under 
confideration, vacuities, or unfuftaining parts 
would deftroy its repulfive power, and dif- 
able it to expand with fuch prodigious force. 
They would even deftroy in it the property 
of fluidity ; becaufe fuch vacuities, in order 
to be preferved in any fubftance, fhould be 
bounded with firm particles, or partitions 
furrounding and framing in the pores ; which 
would imprefs the notion of a cinder or pu- 
mice ftone, rather than that of a liquid flame; 
and iaftly, no fenfe can dcfcry, or experiment 
difcovcr them : this flame muft therefore be 
continuous in fubftance, and void of pores. 
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Wc have feen, by the equal fpecific gra- 
vity of the mafs, when cooled, that all kinds 
of metals, when fufed together, are equally 
and intimately blended together. Their moft 
intimate particles, pervaded by the piercing 
fubtility of fire, diffufe, expand, and mu- 
tually receive each other, fo as to form ah 
uniform and equal mixture of all. This is 
evidently difcovered in the refulting mafe ; 
for, if the particles Were not thus opened and 
diffolved, but remained in their original 
form, perfeftly whole and impenetrabk; 
would not the gold ones, on account of their 
greateft weight, defcend all to the bottom cf 
the fluid mafs, and, when cold, be fofund iti 
one ftratum under the other metals^ which 
fliould alfo form orderly flirata over each 
other, according as they are of lefs fpecific 
gravity? Since then the cold mafs is not 
thus found compofed of ftrata of different 

N 

metals j fince it affords no diftindUon df mfe* 
tals, qualities, or fpecific gravitiies, all the par- 
ticles of the different metals muft have been 
opened, blended, aind equally diffufcd toge- 
fhcr by fire j which may again be proved by 
the tranfparency of well made and well po* 
liflied glafs. ' ' 
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Glafs is made of fand, or pounded fiint, 
and a fixt alkaline fait; if any bodies be conv- 
pofed of impenetrable hard, particles, thefe 
certainly are ; and if the particles " of thefe 
bodies be indiflfolvible, they muft rcfift fire, 
and confequently refill ;ind intercept light ; 
and, by thus intercepting it, fhould rather 
occafion opacity than tranfp2^rency. If then 
any glafs be found that will tranfniit light 
through every part and point qf its fubftance, 
and equally in every part, to the experimen- 
tal fatisfaftion of every beholder, £hall we not 
infift, notwithfianding contrary hypothefes, 
and the notions of any philofopher, however 
great his name may be, that there is not a 
{>oint or part of that glals which is not per- 
vaded by light? If fo, then, each particle 
muft h^ve been, pervaded and diflblved by 
fire, an(l what is laid of one particle^ may be 
faid of all : where therefore is the impenetra- 
bility of particles ? 

Metals, wood, vegetables, and moft kinds 
of opake bodies will vitrify, when urged by 
fire ; therefore they are ultimately composed 
of the fame kind of particles with glafs ; but, 

as that fubftance cuts them, and feparates 

■ ,■■■• • ' 

their particles, which effeft they cannot pro- 
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duce upon glafs, it follows, that the particles 
of gla£s arc more clofcly united and contex- 
tured together, than are the particles of the 
opake bodies mentioned. Now if pores, 
not particles, were the paffage for light, glafs, 
* being the leaft porous of all thefe bodies, 
fliould alfo be the moft opake ; but expe- 
rience proves the contrary, to wit, that glafs 
is tranfparent ; therefore its folid particles 
have been pervaded by light, and, confequent- 
ly, they have been intimately penetrated by 
fire* Experiment proves the fame converfely, 
for pound glafs, and thereby give it pores, 
and it becomes opake ; and a crack in a pane 
glafs, will caufe a fhade in the tranfmitted 
light. Again, why fhould pores be attri- 
buted to any body from prejudice alone, 
without proof or experiment ? Now the beft 
microfcope, the fineft fteel point, and moft 
fearching chymical fpirits, are vainly employ- 
ed to difcover pores in well polilhed glafs. 

Confequently, metals, flint, foilils, and ve- 
getables, which are changeable into tranfpa- 
rent glafs, cannot be compofed of impene- 
trable particles j and if not, neither can unc- 
tuous and inflammable matters, as fulphurs, 
oils, fpirits, &c, which arc changeable tO" 
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flame, which pervades glafs, be compofed of 
fuch particles j much lefs can fuch particles 
be afcribed to the flame of a candle, or of 
gunpowder ; and without the impenetrabi- 
lity of particles, there are no grounds for the 
fuppofed univerfality of pores, or vacuities 
in all kinds of matter. This prejudice then, 
being once removed, we may be induced to 
liften to the didlates of reafon, and the tefti- 
mony of our fenfes, both which atteft that 
the fubftance of flame is a continuum : now 
if the elaftic matter has a continuity of fub- 
ftance in its moft exalted and expanfive ftate, 
it muft be proportionably more continuous in 
its denfer ftate, if degrees of continuity be 
^dmiilible. 

Thefe rcafons arc fufficient to prove, that 
the elaftic matter in every ftate, whether 
hard, foft, or fluid, is continuous in texture 
and fubftance. Moreover, the lively found- 
ing, and uniformly continuous tremours of 
hard bodies, fhew the continuity of this 
matter in them ; for, were they made up of 
diftincl particles, without any continuous 
pervading fubftance, their tremours would 
be difcontinuous and broken, like thofe of a 
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cracked bell. The fame may be faid of air 
and water. 

In order however to be more fuUy fatisfied 
about the reality of this property, which 
feems fo confpicuous in glafs, and to eluci- 
date the other objeft which ftill remains for 
enquiry, to wit, the real effence of the elaf- 
tic matter, we Ihall, in the following feftibn, 
examine, in a radical manner, the ingredients 
of glafs, which is flxongly impregnated with 
the elaftic matter, which exhibits the moft 
ftriking properties of that fubftance, and is 
therefore a proper fubjed to illuflxatc its na- 
ture. 
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SECTION II. 
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The Coercive Principle inveftigated 


THE ingredients and formation of glafi 
we fliall take from Boerhaave, who is gene- 
rally very copious and judicious on chymi- 
cal fabjeds. « If" fays he (vol. i, p. 458) 
one hundred parts of pure fand, or calcm- 
ed flint are reduced to a fine powder like 
«* flour, and then intimately mixed with 
<* one hundred and fifteen parts of a ptirc 
fixed alkaUne fait, powdered Ukewife very 
fine, and this mixture is then expofed to a 
- moderate fire in a glafs-houfe arch for an 
^* hour, and kept conftantly ftirrmg } and af. 
«» terwards, keeping it continuaUy ftunng, 
« to a ftrongcr fire for five hours or more •, 
«« you will, by ttiis means, prepare a matter 
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" which will have the difpoiitions neceflkry 
" for making the choiceft glafs : but if this, 
" however, is then put into a good dry 
" calk, and fet in a dry warm place for fcnir 
" or more months, the combination of the 
" alkaU and the flints will be ftill further 
** perfefted. This matter, fo prepared, be-j 
" ing put in glafs-houfe pots, and expofed to 
" the intenfe heat of the furnace, wiH mek 
^' into a thick tenacious pinguous kind of li» 
" quid, and, whilft it is boiling there, it wUl 
caft up a fcum to the furface, which, con* 
tinually increafing more and more, rifes 
" often to a fourth part of the whole mafsi 
" When the fcum now is carefully removed, 
"till there appears no more of it, and the 
** pure defpumated matter has been kept two 
" or three days in fufion, what then remains 
^' in the pot the workmen calt the metaty 
" which, when it comes to harden in the 
" cold, produces the fineft gfefs/' 

" If this was not evident from comifaott 
« experience, what mortal Uving" continues 
he « could ever have imagined that a folvent 
" alcali, fpontaneoufly diflblving in the air 
" could, when it was rendered vaftly adiv^ 
« by the inte^Oenefi of fire, be convertfed. 


<6 


R 




258 TEXTURE AND ESSENCE OF 

" with the folvend, into a metalline mafs, 
perhaps, fetting afide its want of malleabi- 
lity ; this property therefore of alkali muft 
" be inferted of the power of alkaline men- 
firuums^ For here, when the alkali, by 
^^ the a<fUon of fire, is made to flow like wa- 
** ter, it hence becomes capable of folving the 
^^ powder of flints. In the fame manner, and 
*• by the fame means, it becomes fo altered 
^^ itfelf, that it retains nothing of its former 
** difpofition"; but entirely acquires a new 
*^ one. Hence you fee that menfiruums, 
** and thofe vciy j)owerful ones too, may be 
*^ joined in an indiflbluble union with thofe 

** bodies, which they have moil intimately 
" diflblved/* 

" In this operation," he fays, ** it is very 
^^ remarkable, that this alkaline fait, Ihould, 
•' in the very ad of folution, immediately 
<^ put off all its alkaline nature, as foon as 
«* ever it is converted into glafc } for, of all 
^^ the proper chara6teriftics of an alkali, there 
*< is not fo much as one left* It has loft its 
** tafte ; it docs not caufe an effervefcaice 
^^ with any acid ; it makes no alteration in 
" colours ; it becomes exceedingly foft, and 
« perfectly free from any cauftic acrimony ; 
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^' nay, it is much more fixed in the fire, when 
" it is tmned into glafs, than it was before, 
^^ when it exifted in the form of an alkaline 
fait. But how very difficult it is now to 
put it into fiifion, as it requires fo ibrong a 
fire for fo long a time applied to it, to 

"make it melt! And, which is ftill more 
furprifing, as foon as it begins to flow, and 
is converted into glafs, it becomes a tena^ 
cious mafsy cohering together like pitchy andfo 
du£lile and f liable ^ that you may form it into 
whatever Jhapes you pleafe ; nay^ iflyou thrii/t 
an iron into it^ it will adhere to it^fo as to come 
out of the melting pof with ity and be retained 

" upon it,** 

For our prefent purppfe, the nature of this 
alkali, which is fo principal an ingredient in 
the compofition and formation of glafs,' muft 
be accurately inquired into. It is therefore 
ufeful to remark here, that thofe charafterif- 
tics of alkaline fait, which have been thus 
loft in its transformation into glafs, do not 
conftitute the intimate nature or elfence of 
the fait ; for we have proved, in our firl| 
Lefture, that the fubftance and eflence of 
eveiy elementary principle are co-eval, co- 
exiftent, and infeparable ; confequently, nei- 

R2 ' 


26p TEXTURE AND ESSENCE OF 

thj^ tail^ Qor colour, neither the burning 
ngj: effcry^flive ppwcf, is the eiSsjftce pf the 
s^l^Une principle : th,efe properties, are there- 
fpr^ oply acquired by it^ through its iater- 
cou^e with o^her matters, and the modifi- 
caticfns it th^Jjiife rec;eiyes» Thje oijly pro- 
perly ^hich feems. tnpfi confiant a,nd iniepa- 
rable froTijL ajl^ali, is tenacity and f^dnefs. 
Qja^f, vfhen melted, i$> a tenacious nfofsy cohe- 
rifig toffitffer Hkf pitch \ and, when cpld, is an 
hard, cphefiy^ body. We fii^d by exp?rienc^, 
that fiflx and fieih are rendered clofe and firm 
by £ilt; and< fajlt itielf, in its perfeA fiate, 
yrhen free frqm nM>iAiite, is of an hard con- 
fiftency ; thus we fee tenacioufnefs^ or a com- 
pacting quality attend it in every ftate ; may 
wc not therefore flatter ourfelves, with hav- 
ing in view fome indications of its real ef- 
feA<;c ? 

If it be objefted, that the cohefipn of fait 
is weakened and even deftroyedby moifture, 
w:e may make the fame obfervation on the 
fubftance of light or fire, whofe expanfion, 
though undoubtedly its effence, is reduced 
and apparendy defhroyed by humidity, as is 
evident from the extindion of fire by water, 

and from the abatement of explofive force, 
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which gunpowder fufFers from moifture. 
However, to afcertain the truth of this con- 
jefturc, and obtain a more perfeft knowledge 
of its nature, we ihall trace alkaline fak to 
its origin. 

Bderhaavc tells us, (page 440, vol. i) that 
** kali in eaftern countries, lignifies a certain 
** herb abounding in fait, that grows near the 
" fea, on the banks of the Nile, and in other 
parts of the Eaft. This plant, when burnt in 
an open fire, produces afhes that are remark- 
^^ able for their fait and acid tafie; thefe afhes 
" boiled in water, yield a ftrong liquid falc 
" lixivium. If this lixivium is evaporated to 
a drynefs in an iron kettle, there is left be- 
hind a white folid ma{s, of a moft acrid 
^* cauftic tafte, and perfedUy fbluble in water. 
" From this fait, and the calx of all ftones that 
firike fire with ftcel, may be prepared a frit 
for the making of glafs. For foaps they ufe 
" the fame, made fliarper with quick lime, 
" and any oily fubftance whatever.*' 

The fame kind of fait is to be gained from 
kelp, which is made of fea-weed ; and here 
in Ireland from ferns, thiftles, and nettles, 
from the fraall branches of oak and alh, and 
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firom moft kinds of young trees and ihrubs, 
which, being bUrhed in due feafbn, produce 
aihes very genarally ufed fbr purging bay 
yarn, for whitening linen, and alfo foi* 
making foap. According to Boerhaave^ the 
potalhes that are brought to us from Ruffia 
and Poland, are of the beft kind of alkacious 
falts, and are prepared from the wood of 
green fir, pine, oak, ah4 the like. An alkali 
is procure<l from the lees of wine, frofn nitre 
by mearu cf Jire^ frOm nitre and tartar, from 
antimony ; but by no means, as this author 
afferts, firom fea lalt. - 

We might with fomc probability infer, 
from the knbwh properties of alkali, fbr in- 
ilance, from its caiiftic quality, fk'om the vola- 
tile it contains,* its generation by fire, and 
- the quantity of water it abforbs, that it in- 
volves and retains in its compofition the 
fubftancc of fire or light. For all thefe ef- 
fefts muft proceed from that principle, and 
argue its exiftence ifa the alkali. However, 
we (hall be better enabled to verify this and 
other remarks on that fait, by inquiring into 
ihe origin of nitre, which, as well as vege- 
tables, we find to be a principal fource of 
alkali. • * • 
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" Nitre * is a white and nearly tranfparent: 
fait ; it grows liquid by a gentle heat; in a 
great fire ; it partly perfpires through the 
veffels that contain it, and partly refolves 
into fmoke ; but any inflammable body be- 
iQg added to it, it burns with a very great 
poife, and, \yit:h the matter added, changes 
in pajrt into an alkali/' " Nitre,*' iays the 
fame author, (page 177) " is engendered on 
" the furface oiF the earfh ; it is never gotten 
** out of mines^ for, if you dig into the earth 
5* above one foot deep, you hardly find any 
f ^ more matrix impregnated with nitre ; nor 
is it even found at fo great a depth, unlefs 

it has heen. by waters waihed off from its 

' *■ ■.•'•' ' ' '■ 

*' matrix* — ^The chief matrices of nitre are cal- 

^^ carious, clayey, looiny earths, and a kind 

^^ of moift earth, ^hich has all its origin from 

^* vegetable, and animsfl bocUes dellroyed by 

" the viciflitudcs'of the air. If therefore you 

"joUi to.thcm a£hc;s of bur^t vegetables, 

efpceially of thofe out of which a great 

deal of fixed alkaline fait is fetched by fire; 

^^ if the faid alhes are not' quite deprived of 

*« their fajt by boiling, a^hd if the fat oily 
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rottening, or already rotten parts of the 
animal or vegetable bodies are added, 
then a perfcft generation of nitre is per* 
" formed in the faid matrix ; for there is 
^* never any nitre produced in an earth 
" quite deftitute of all phlogifion. — ^Nor is it 
^« very important where this matrix of nitre 
*-* is placed ; for there never was yet any 
** place found unfit for the generation of 
^* nitre, provided the above-faid bodies con- 
** cur to it. However, it is neceffary that 
** thp place be in the open air, and temperate 
^^ as to moifture and drynefs ; for an excef« 
** five humidity waflies oflf the nitre already 
conceived : and when a diluting moifture 
is altogether deficient, the faline matters 
hardly ac): one upon another. In the mean 
" time, it is certain that heat and cold are 
^* neither much ufeful nor noxious, unlefs 
" both be very excefiive.'* Whence he con- 
cludes, " it is moft probable that the ait is 
•* either the injlrument^ or the viaterial caufe^ or 
** perhaps both together^ of the generation of 
" nitre^ or at leajl carries it in its bofonu** 




Here we muft obferve, that the genera- 
tion and pcrfeclion of nitre and vegetables^ 
depend on the fame canfes, to wit, ^ good 
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foil, the open air, temperate weather, &g. 
with this difference, that a vegetable grows 
from a parent feed or root planted in this 
matrix; whereas the nitre gets birth and 
grows in the matrix fpontaneoufly, without 
any fuch feminality, at leaft that we know 
of. Whence it appears, firft. That vegetables, 
like nitre, would come to a famenefs all over 
the earth, without diftinAion of form and 
qualities, were it not for the Divine and effi- 
cacious Word, which firft gave them their 
diftinftive properties, and afterwards or- 
dained that each fpecies fiiould generate ac- 
cording to its kind, whereby the difiin6tioii 
of fpecies is ftill prefcrved in the vegetable 
kingdom, as well as in the animal. Secondly, 
That the faline juices of vegetables are nitrous, 
but more refined, being better elaborated in 
the vegetable, than on the furfiice of the 
earth in the nitrous matrix $ for, fin<:e the 
foil or matrix of vegetables and nitre is the 
fame, and their other accretions (an incohfi- 
derable feed ilbrie excepted) are aHb the 
fame ; fince, on the application of fire, both 
are reduced to the fame alkaline fait, tfieir 
original principles muft be the fame, or they 
muft be compofcd of the fame original mat- 
ters. 
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Now wc have fcen that vegetable^ contain, 
afong with a virgin earth, our claftip naat- 
tpr, and alfo of neccffity another fpecics of 
flatter blended with both, to unite and com- 
padt them, and perhaps to produce their 
gravity. Whether any chymifts have afcer- 
tfdned thefc diftind principles in genuine 
nitre, I cannot fay, but they feem to be in- 
iinwtte^ by Boerhaavc in thcfe difiinc- 
tions, to wit, the volatile part, the pure 
eartht and the bitter fait of alkali. Wc 
have underftood above from his obf<5p^a- ^ 
tions<i that neither the bitter nor fait tafte,, the 
colour, nor the other amiffiblc qualities, arc 
the cffence of thait principle ; the effence then 
oif this bitter fait feems to be analogous to the 
caufe of cohefion, fo that in it probably con- 
fills the adhefive power which binds thofc . 
matters fo firmly together, and renders them 
an hard compound body : for the inert mat- 
ter or pure earth, being pcrfed^ly neutral 
a^dpaffivc to every agent, cannot be the 
caufe of cohefion in itfelf ; nor in the other 
matter it embofoms ; and light, being of an 
cxpanfivc nature, not only is unfit for bind- 
ing down another principle, but cannot it- 
felf be Ijound down, unlefs by a powerful 
agent of different propenfity, tliat is, of a 
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convergent nature, which is the very cffencc 
we have, throughout our rules and philofo^ 
phical inveftigations, afcribcd to the gravita- 
ting matter. 

Froni thefe reafons, and the apparent qua« 
lities of the bitter fait which fecm indicative 

of the predominant power of alkaU, wc 
may infer, as a probable conje&ure, that the 
adhefive matter, and the element of fait, 
have on^ and the fame principle : for all chy- 
mifts allow, with the Hermetic philofophers, 
chat fait is a binding principle, or the vincU" 
fum whereby, the other elementary matters 
are united together. Metals are compofed 
of fait, fulphur, mc!*cUry, and earth j if then, 
in this compound, the earth gives firmnefs 
to the volatile fubftahces, may not £alt be 
the caufe of their cohefioh, and perhaps oc« 
cafion their ' weight ? This Will agree with 
the conclufion of Mr. GeoflB^, who colleSb 
from experiments and extenfive obferva* 
^ons, that the fubftances, of which m<^bls are 
tompofed, do not diiSer eflentially firotal thole 
which compofe vegetables. 

Although we cannot, without a perfefl: 
knowledge of the caufc of cohefion^ and a 
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better acquaintance with the elementary on- 
gin of titre, pofitively fay they have onfe and 
the fame principle, it is ufeful and even ne- 
ceflary in analyzing firft principles, which, 
from the fimplicity of nature, cannot be nu- 
merous, to approximate to the emerging 
prineiple by analogy, whenever the fimilarity 
o( cStc^j modes of operation, and other con- 
curring circumfiances will permit ; particu- 
larly when the principles or fpecies of matter 
are lb obfcure, as are thofe under coniidera- 
tion, to wit, the caufe of gravity, and the 
fource of nitre. It is therefore highly expe- 
dient in philofophizing, to make probable 
tonjedures wherever an opportunity occurs^ 
and to keep them in view, in order to direft 
jtnd iUuibate future refearches} we ihall 
therefore continue our obfervations in hopes 
of confirming and improving the indications 
we have gained. 

** There is alfo an acid fait,** fays Doftor 
Cramer, treating of this fubjed '^ called a 
^^ vagum fojjtle^ foimd in vitriol, fulphur^ al- 
lom, nay almoft every where. It is fel- 
dom pure, if ever ; but adheres either to 
metals, (and chiefly to copper and iron) or 
*^ to calcarious earths ; more commonly to 
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^* thofe that turn into glafs> nay to the v«y 
^^ flints, or is mixed with inftimmablc fbffih : 
^^ but what diftinguiihes it from all others^ is 
^^ its being more ponderous and more foced 
*' than all the other acids that are known, 
^* which it derives out of its matrices. Mixed 
with pure water, it grows very warm ; it 
mixes with common fulphur accompanied 
** with fat matters of any kind. To this 
. •* clafs might be referred the acid of com- 
" mon lalt and nitre.** 

Phyfically fpeaking, it is impojEble to have 
an cficft without a caufe, or any ofikpring 
without a parent : is not then this vagumfof- 
file the fource of vegetable and animal (alts, 
nay of all falts whatever? It is found every 
where, and is of a crude nature in its origi- 
nal ftate ; but, like the elaftic matter, may it 
not be elaborated and affimilated to a confor- 
mity with the nature of the body into whofe 
compofition it enters, whether the body be 
vegetable, animal» or foifil, as we have ob- 
fcrved of elementary matters in our fourth 
LeAure ? This acid adheres more to copper 
and iron than to any other metals, and thdfe 
metals are more affeded and corroded by our 
air, than any others ; for, when expofed to 
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it, it is almoft impoffible to keep them from 
rafting, which is the effca of a fait or acid. 
Our air is therefore impregnated with an 
acid, and this ihould naturally be the fame 
with that vagum fojftle which is fomid every 
where. 

Nitre, which is found on the furface of the 
earth, and cannot be generated, unlefs where 
the air has free accefs, muft, according to 
Cramer's remark, derive its origin from the 
atmofphere ; for, if the ripenefs and improve- 
ment which fruits receive from the funjhine 
arc proofs that they imbibe the light, apd are 
to it indebted for their fineft qualities ; for a 
like reafon we muft conclude, th^t the air is 
the chief fource and generant of nitre : there- 
fore there is in air fome parent principle of 
the nitrous kind, which can be no other 
than the vagum acid^ which corrodes metals, 
and whofe influence generates the pelicles or 
fcoria on fufed lead, which pelicles contain 
fo much of the alkaline nature as to vitrify 
other bodies : and doubtlefs it is the fapie 
vagum acid which fpurs milk, wine, and other 
liquors when expofed to the air, and which 
imparts to fweit vegetable juices, fuch as 
worts, muft, &c. the acidulous taftc they ac- 
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quire by fermentation, whereby th«y arc 
rendered agreeable and inebriating liquors ; 
fdr the quantity they incorporate of that co- 
ercive matter renders them tenacious, and 
concentrates in the fermenting fluid a pro-, 
portional quantity of light and fire, which, 
when enlarged and excited to aftion by the 
heat of the body, unites with the daftic mat- 
ter of the nerves, and invigorates their ac- 
tion ; but, if taken too copioufly^ produces 
the tremours and diforderly fymptoms of in- 
toxication ; all which is corroborated by 

Boerhaave's obfervation (page 283) " that 
" fermentation is the produftive caufe of 
** wine,*' /. e. that this liquor can never be 
produced unlefs the air has a free accefs to it. 

This nitrous principle, while in its native 
form in the air, is in a crude Ibite, but from 
the rich fubftance that compofes the matrix, 
along with the influence of the funfliine, it is 
meliorated, it gains inflammability and other 
qualities, and is transformed from a crude 
acid into what we call mtre. In like man- 
ner, that part of this crude acid, which eil* 
ters into the eompoiition of other bodies* 
will be ftill differently elaborated, and as we 
have obferved of other accretions, will ac- 
quire the qualities of the body in which it be- 
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comes a part ; and when that body is diflblv- 
ed, will be again extra&ed from it in the 
fonn of a particular fait. The heavy nature 
of the fame principle might make it defcend 
into the fca, and even into the earth, where- 
by it might be the fource,of fait jem and fea- 
falt ; and thus, from one univerfal prindple^ 
may proceed all the varieties of falts, which 
are found throughout all the bodies in na< 
ture ; and likewife from the difierent quafkti* 
ties of it in difierent kinds of bodies, may 
proceed their diflfereut fpecific gravities. 


« 

All native falts, according to Romberg, 
are reduced to three kinds, faltpetre, fea-falt^ 
and vitriol, each of which has its feveral fpe- 
cies ; of the combination of thefe with different 
oily matters, are all the other falts produced. 
By the analyfis made by this author, they 
appear to be compofed of an aqueous, an 
earthy, a fulphureous, and an acid part ; but 
the acid part he holds to be the pure fait, the 
chymical principle, and the bafis of all falts. 

^ From the affinity, then, that fubfiUs be- 
tween the various fpecies of falts and acids, 
from their mutual convertibility into each 
other, which/, is doubtlefs capable of being 
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extended much further than adepts have hi« 
thertb carried it, as may appear firom the 
refolution of all falts into the fame elemen- 
tary parts, and from the iimplicity of natm*e» 
which varies and multiplies effeds without 
multiplying principles, we have the firongeft 
reafon to conclude, that thefe feveral fpecies 
all originate from one grand principle^ which 
is varioufly modified according to the nature 
and qualities of the other bodies, of which it 
becomes a concrete in the courfe and opera- 
tions of nature. 

This inference is ftrongly confirmed by 
analogy ; for we have feen^ in the fourth 
Le^lure, that the fubftance of light enters 
into the compofition of all bodies, that in 
them it is thebafis of all their lively powers 
and qualities, partaking of the difiinftive na- 
ture and fenfible qualities of each, wherdtk it 
is a concrete, but in all retaining its own ex- 
panfive effence; Ihould we not therefore, 
from the fimpUcity and uniformity of nature 
conclude, that the principle of fait, which ia 
alfo univerfal, enters into the compofition of 
all bodies, communicating to them its gufi; 
and qualities, but, at the fame time, partak- 
ing of their fenfible qualities and charac- 
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teriftical properties, in a manner peculiar to 
their refpeftive natures, fo as almoft to pro- 
duce a diftinft kind of fait, for each diftinft fpe- 
cies of body, in which it is incorporated, re- 
taining however its own effence, and difplay- 
ing it by the firmnefs it gives them. 

To pulh this analogy one ftep farther, as 
light has a peculiar fource and fountain, 
whence it is diffufed univerfally, and enters 
into the compofition of all bodies ; fo fait, 
which is generally diffufed, at leaft around the 
earth, being found in ,all bodies, fliould have 
fome one fource, where it is ftored, or where 
it originates. If fo, the atniofphei:e feems to 
be the only fund commodioufly fitiiated, and 
qualified to contain and diflufe it : and it is 
the more probable, that the atiiiofphere is its 
native place of r efidence, from what has been 
faid of the generation of nitre, and of the 
vagum fojjile^ the latter of which feems to be 
the fource of the former, and of every other 
fpecies of fait, in vegetable and animal bo- 
dies. However; this vagum foffile may not 
be itfelf the native principle, but generated 
therefrom, and formed by the luminous and 
earthy matter it meets with, and unites to in 
the atmofphere, wherein it is elaborated into 
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the form of a vagum fojftle ; and this, being a 
part in the compofition of that air which ani- 
mals and Vegetables imbibe, is in them flill 
farther elaborated and affimilated into the 
kind of fait which they refpedively contain. 
From the atmofphere then the principle of 
fait may conveniently enter into the compo- 
fition of all bodies, producing, by its coercive 
effence, their cohefive firmnefs, and binding, 
down their fires in the bofom of their inert 
matter ; an efied, which, confidering the ex- 
panfive natm^e of fire, and the total inertnefs 
of virgin earth, could not be produced with- 
out this coercive fubftance. 

So univerfal is fait ih all terrefirial bodies, 
that when they are diffolved by fire, and 
thereby deprived of every thing adventitious, 
fait is one of the three elementary parts that 
remain : and fince light, earth, and fait, are 
the three parts into which all bodies are re- 
folved by torrifadion,lhould we not conclude, 
that thefe are the accretions that compofe 
bodies, and are their elementary fubftances ? 
Now, as an elementary body, fait fliould be 
univerfally difFufed ; as an accretion to ve- 
getables and animals, it fliould be conveni- 
ently placed for their abforption ;, both which 

82 
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coQ/ideradons confirm its rdidence ia the 
air. Again, experiments prove thsit fklt is 
found in vegetable, animal, and foffii; bodies, 
tke mofi remote from the iea, falt-pits, and 
fountains ; but what i$ fliU more remarkabLs, 
the young of all animals, before they take 
any other nutriment but the milk of their 
dams, are found to have a fait in their ani- 
mal fluids ; and even the perfpiration, blood, 
and urine of infants born of the moft deli- 
cate parents, and fuckkd by a nurfe, whofe 
diet is the moft innocent and pure, will, not- 
withftanding every precaution, difplay the 
faJine principle by their urinous acid tafie. 
Now fince thefe infants tafte no food im- 
pregnated with fait, whence comes it that 
their animal fluids are fo flrongly tindlured 
with that fubftance? Certainly it muft be 
from the air they infpire that they derive, not 
only the falts and acids, with which they are 
impregnated, but alfo the fSrength, firmnefs,* 
and dafticity of their bones and mufcles. 
Moreover, there have been perfons of fuch 
habit of body, that they have produced and 
pafled more urine, not only for days, but for 
weeks fucceflively, than they have taken in of 
folids and fluids together by eating and 
drinking} whence alfo this extraordinary 
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produAion of an acid fubftancc, except it 
came from the air infpired ? 

*From the falts of the atmofphere alfo, are 
acq[tiired the gufts anid flavour of all thit Wc 
eat and dSrJnk, and by their inflntnce is pr6- 
duced that heavy mephitic air which feenivs 
to exhale froin fermenting liquors^ But, 
though it were to b6 doubted^ \;irhether thfe 
atmo%here be the fountain of this ikHfie 
pHftcifle or not, at leaft, from univerfid ob- 
fervatibnf^, we mtift necefl^crily conclude, 
that there exifts in nature fome material 
agent, of a binding concentrating nature ; 
for, as we have already obferved, light being 
<)f an expanfive propenfity, and inert matter 
having no propenfity at all, the former could 
never gain that firmnefs of texture and com- 
paAnefs which is implied by the idea we have 
of elafiic matter, and which it exhibits, while 
it rem^dns in that form, in the compofition of 
a body : much lefs could t^at expanfive fub- 
fiance be chained down in the bofom of inert 
matter, without fuch a binding coercive prin- 
ciple. Seeing therefore that a concentrating 
matter is neceffary, as well for the elaftic 
firmnefs of the expanfive matter, as for the 
cohefive firmnefs of inert matter, wd^cannot 
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heiitate to admit its exifience in nature. And 
if we cannot doubt the eidftence of fuch a 
fubfiance, why not conclude, from the uni- 
verfality and known properties of fait, that 
the fubftance we fpcak of is realized therein ? 
This conclufion promifes a beautiful corre- 
fpondence in the agentis of nature; for as 
Cramer declares the vagum fojftle to be the 
heavieft of falts, as it is thc.moft genuine, 
that principle may diercforc be the caufe of 
cohcfion, gravity, andgufts, while its oppo- 
fite, to wit, light, is the fource of ^xpanfion, 
levity, and odows. . >. 
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The Coercive Principle in the Compofition of 

the Elaftic Matter. 

ALTHOUGH we have no ftandard to af- 
certain the exaft portion of luminous mat- 
ter in bodies, yet we have the ftrongeft 
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proofs that they contain a prodigious quan- 
tity of it ; of this number is the inftance of 
the burnt vegetables, where we have re- 
marked that of an whole tun of them, there 
remained not half an hundred weight in the 
form of fait and aflics, having been for the 
moft part changed into vapour and light, 
whereof the former exhaled before it could 
be elaborated to light. Now as thofe flames 
of light could not arife from the fpark which 
firft kindled the heap, they muft have been 
thie luminous matter naturally condenfed in 
the vegetables ; and this luminous part of the 
vegetables, exceeded the quantity of their 
opake matters, according to the proportion 
of the elementary matters, into which they 
were thus refolved by incineration. 

From this and other fuch inflances in the 
decompofition of inflammable bodies, we 
cannot doubt of the confiderable part the lu- 
minous matter makes in their confl:itution ; 
but we fliall be ftill more convinced of it, if 
we confider the great quantity of light ab- 
forbcd by every body, to which that fiib- 
ftance has accefs, and in which light mufl: 
therefore become a concrete. The light of 
cajidles in a room immediately vaniflies the 
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iufiant they are exdnguiflied ; and this hap<» 
pens as fuddenly after they have burned for 
a confiderable time, as if they were only 
lighted for an inftant ; the fame may be iaid 
of a fire, yet the heat will fenfibly remain 
for fome time after the fire is put out ; muft 
not then all the flood of light, with which the 
room was before replete, have been abforbed 
by the walls and bodies in the room ? Thefe 
bodies from the fire conceived a fenfiblc heat j 
now heat and Jight being properties of the 
iamc matter, they muft have gone together 
into thefe bodies, confcquently, their fup- 
porting fubftancc muft have gone along with 
them, and eQtere4 ^ ^ concrete into thefe 
bodies by which it was abforbed. The caufe 
of this abforption has not yet been explained 
by philpfophers, but fliall in future be taken 
•pito confideration. ' ' • - 

How much of this luminous matter then 
jnuft be abforbied by all the bodies expofed 
tQ the-funlhinc, or the li^ht of the atmofphcre 
during the courfq of a fum;ncr*s day ? How 
much during thc^ time of their growth, or 
V^hile they remain expofed to the folar light? 
JIow much is abforbed ty the atmofpherc» 
^nd fhacklcd down therein by the vagumfofi 
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JiU^ or at Icaft by fome conceiitrating fub- 
fiance, to form the elaftic matter or bafis of 
air ? And how much of this luminous mat- 
ter in this form enters into the compoiition 
of all bodies, as hath been explained in tbc 
fourth Ledure ? We cannot therefore be fur- 
prized at the quantity of light which is con^- 
textured in all bodies by natural apera- 
tionsy and which again departs from them 
in their difiblution, whether in the form of 
flame as in torrifadion, or of light as in pu- 
trifadion. 

Now fince we have feen in the laft fedion^ 
that £ilts poflefs a ihackling and binding fa- 
culty, is it not natural to conclude, that it is 
the falts of bodies or the origin thereof^ 
which confines in them that quantity of light 
or fire, which iffucs forth by colKfion or fric- 
tion, and difplays itfelf in deftricsd experi- 
ments, and that gives to that lively fubftance> 
which bodies contain, the confiflency peculiar 
to the elaftic matter/ For light, which wc 
have proved to be a chief principle in the 
elaftic matter, is of explofive effencc, and of 
a divergent centrifugal pirdpenfityj whence 
it derives the power of dividiog and refolv- 
ing bodies, of detaching and difpcrfing their 


?82 TEXTURE AND ESSENCE OF 

parts ; whence alfo fire breaks and fpKts bo- 
dies, diifol^es metals, rarifies fluids, and vo- 
latilizes even the heavieft and moft dcnfe li- 
quids to a degree of levity greater than that 
of aiir, in which they rife and evaporate : 
confequently, the fubftance of light or fire, 
being thus expanfive, is wholly unqualified 
not only for binding and cementing bodies, 
but even for affuming alone the adhefive 
form of the elaftic matter, without the aid 
and union of fome coercive principle to cor- 
reft this centrifugal propenfity, and, if I may 
be allowed to fay fo, to conned and fabricate 
its parts, which ever tend to diverge and 
expand. 

The'neccffity of a coercive matter to ren- 
der light capable of the gradual, continuous, 
and (to ufe the expreflion of the learned Ba- 
con) bridled operation of the elaftic matter, 
will be ftill more apparent by remarking the 
contrafl: between that inftantaneous opera- 
tion, which excites vifion, and the tempera- 
neous propagation of that tremour or vibra- 
tion, which generates found. The former we 
fee exemplified in the fudden flafli of light- 
ning, or of inflamed pov/der ; the latter in 
the more flow and durable roar of thunder, 
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or the report of a gun, which reaches a dis- 
tant ear fenfibly later than the flafh has flruck 
^ the eye, which ihews how diflferently that 
lively matter operates, when free arid difen- 

gaged in its native ftate, and when connefted 
and coritextured with another body, where- 
by it is incapable of exciting vifion, and only 
fufceptible of the gradual vibratory motiqn 
which propagates found. 

Of this we have another example in the 
flafii of light and tremour, which are at once 
excited in fiones, metals, and fuch hard bo- 
dies by collifibn. The nioft lively part of the 
elafiic matter, which is the fiery or luminous 
fpecies, being dif^ngaged by the ihock from 
the other inatters of the body, and being rc- 
fiored to its native liberty and pure form, 
caufes that inftantanepus feniation of light ; 
but the part of the fame fubfiance, which re- 
mains blended with, and bound down by the 
other matters of the body, is only capable of 
cautirig the more flow and cafy operation of 
tremour. Now a phyfical caufe is neceflary 

to fliackle down the innate aftivity of the lu- 
minous fpecies, and to fabricate this fubtilc 
cxpanfive fubftance into a more adhefive and 
quiefcent matter; and for this change in' its 
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ftate, what catife ^n be rationally affigned, 
txcept a difierent fpedes of matter by nature 
coercive, which gives firmnefs to body, aftd^ 
which is the real caufe of cohefion ? An at- 
tradion indef^d is treated of in our modern 
phyfics, which, like vis inertia^ is attributed 
to all matter in general ; and to this pro- 
perty are imputed even all exploiiVe opera- 
tions, as well as thofe that are cohefive ; for 
inftance, earthquakes, * vulcanos, and all 
other phaenomena that depend on an expan- 
^ve canfe. This pMlofophy likewife fu|)- 
pofes s^ bo4£ies and matter to be cdmpofed 
bf one and the faxi^ kind of elementary par* 
tictes ; in which cafe, every particle of Inat- 
ter nroft, at the fame time, be endowed with 
idle different powers that predominate in die 
Works of nature, fuch as aitlra£tion, expan- 
iEoil, graVitltfcm, and vis inertia. But, ac- 
cording to our theory, it is impofSbfe for 
the fame eleinetitary particle to be endowed 
With different eflences \ consequently, as op- 
I^Ofite efifetices require d^ttnt fubftances 
to fuppof t them, it foUo^^ that the inert 
Particles cannot be eithtf atcradive or expali* 
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five, ^nd th^t thie matter which is expanfive 
cannot be at the ^me time attra&ive. Hav* 
ing tbf n icxhibited a matter whpfe eflbfi^e i& 
exp^nfipn, it cannot be either inert or attrac- 
tive ; and having alfo exhibited another kind 
of matter which is by nature inert, it canpot 
be either attraftive or expanfive. &it, again, 

the operations and phaenomena of nature, ex- 
hibit an attradive, a convergent, or an ad*« 

hefive caufe ; confequently, this muft be at- 
tributed to a kind of matter different from 
the two former, one of them being inert, 
and the other expanfive; for this caufe of 
adheiion and convergence indicates an ef- 
fence ; now every effence muft have an ade- 
quate fubftance, and no elementary fub- 
ftance can have different eflences ; therefore, 
as an attractive, a convergent, or an adhefiye 
effence exifts in nature, it muft have a pecu- 
liar fubftance : confequently, to prevent the 
multiplication of principles, we muft con- 
clude, that the fource and origin ^f fait muft 
be that adheftve fubftance, fait being* the third 
kind of matter which Ihews itfelf ih the de- 
composition of body, and difplays that power. 

A large^bcU, notwithftanding the cohefivc 
firmnefs and thicknefs of its metal, will, in 
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ringing, change from a circular form to that 
of a changeable elypfe, /. e. whofe conjugate 
and tranfverfe diameters alternately inter- 
change. This is at once perceptible to the 
fight and touch, and may alfo be clearly in- 
ferred from the rebounding hum or buz that 
continues in the air after the ringing has 
ceafed. The phaenomenon is equally fenfiblc 
in mufical glaffes as well by the found, as by 
the tremulous agitation, which ihoots in 
through the water on all fides from circumfe- 
rence to centre, without occafioning any 
change of place in either the firm or fluid 
fubfliances, an effect evidently indicating the 
continuity and adhefivenrfs of the agent pro- 
ducing it ; for unlefs the lively fubfl:ance, 
which propagates the tremour, were really 
continuous, the propagation could not be 
performed without fome tranflation or change 
of place- The neceflity of this continuity for 
real elaftic tremours, is again proved in the 
converfe ; for, as we have before obferved, 
the fmalleft crack, either in metal or glafs, 
which deftroys the continuity of the elaftic 
fubftance, will render it incapable either of 
melody, or of a lengthened found. 
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Seeing therefore, from a vsiriety of proofe, 
that the context of the daftic matter is adhe- 
five and continuous, and having alfo dif- 
covered from its operations that it poffeffes 
a contraftivc as well as an expanfive power, 
as iio elementary principle can poffefs two op- 
pofite powers and propenfities, it neceffarily 
follows, that the elaftic matter, whofe fub- 
ftance atfd operations have been fo well af- 
certained, is compofed of two diftinft ele- 
mentary principles, to wit, the faline and the 
luminous, oppofite in nature and propenfity* 
Something analogous to this had occurred as 
a rational conception, before we took into 
confideration the formation and ingredient* 
of glafs, which realizes and experimentally 
exhibits a conclufion before founded on rea- 
fon ; for in it we have difcovered that co- 
ercive fpecies of matter, whofe neceiSty is fo 
apparent throughout all nature ; in it wc 
have difcovered the operation of this coercive 
principle, which binds down in glafs fuch a 
quantity of fire, or of the expanfiye prin- 
ciple, as renders that fubftance capable of re- 
pulfive tremours, fonorous vibrations, and 
perhaps of tranfparency (by and by to be ex- 
amined.) In glafs alfo we difcover that con- 
tinuity of fubfliance which proceeds from the 
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pcrfcd folution and intermixture of its com- 
ponent parts, which we have always infifted 
on in the elaftic matter. 

Thy3 glafsy in its properties and compofi- 
tion^ though not ideatically the fame with 
the elaftic matter, is a moft perfect and clear 
reprefentation of that fubftance. No hard 
body is more elaftic than glaf& ; hence the 
quicknefs of its vibrations, and fweetnefs of 
its found, which quality it derives from the 
quantity of fire in its compofition. No hard 
body has a clofer adhefion of parts, (diamond 
ea;cepted) whence the firmnefs and keennefi of 
the feather- edge it affords when broken ; and 
this property is owing to the force and uni* 
form difiufion of the coercive or (aline prin* 
ciple. No hard body is more void of pores, 
and Jias fuch continuity of texture, whereby 
it is almoft incapable of corruption, |fit to 
contain the ftrongeft fpirits, capable of refift- 
ing all menftruums, and immutable in fire* 

Thi§ Qontinuity proceeds from the perfeft 
diifolution of all its ingredients, and their 
uniform and perfed coalition in the ftate of 
fufion, whi<;h afterwards continues, when the 
fire ceafes, and the whole becomes a firm but 
continuous mafs. The comparative excel- 
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Icnce of diamond in all thofe properties, is 
owing to the ufual fuperioty of the opera- 
tions of ^ature over thofe of art* 

We can at prcfent, from the compofition 
and ingredients of the elafHc matter, deter- 
mine a queftion, which arofe in the couric o£ 
the fourth Lednre. Having feen, in th£ in«- 
cineration of vegetables, that the munerou^ 
powers and qualities of thofe bodies were aU 
carried off in the form of flame and vapour^ 
whoie expan£ve force diiengaged it from 
confinement, as £bon as the confiftency of the 
body was deftroyed by fire ; it was a natural 
and philoibphical fuppoiition that all thefe 
powers 2axd qualities had proceeded from, 
and been fuftained by the fubftance, which 
they then feemed to accompany in its flight. 
It occurred, however, that although all the 
lively powers and qualities analogous to ex- 
panfion might have been produced and car- 
ried off by the elaflic fubftance, yet that co^ 
hefion, gravity, and fuch qualities as were 
oppofite to expanfion, couJd not have be-^ 
longed to that fubftance ; wherefore we were 
obliged in fome degree to depart from the 
opinion of Eoerhaave. But being at prefenjt 
better acquainted with the nature and com- 
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pofition of the elaftic matter, we are able to 
reconcile that apparent repugnance, from the 
different natures of the two elementary prin- 
ciples, of which the elaftic matter is compofed : 
for the oppofite natures of thofe two prin- 
ciples render the rcfulting fubftance capable 
of fuftaining properties otherwife repugnant ; 
it is not however to be imagined, that we 
confider this fubftance as the immediate caufe 
of coheiion and gravity ; our opinion on this 
head fhall appear in the fecond part of this 
work J but for the prefent it appears evident, 
that the faline principle is always contextured 
with Kght in the el:iftic matter, reftriaining 
its expanfion, and fabricating its fubftance in- 
to a cohefive texture. Whether thefe ele- 
ments, after their perfed coalition in one fub- 
ftance, afterwards difunite and return to their 
native forms, is not yet to be determined : 
but we know at leaft by the bitter, faline, 
and acid qualities of fmoke, which alfo affect 
the eyes, that the elaftic matter of every bo- 
dy is ftrongly impregnated with the faline 
principle, before it affumes the more pure and 
exalted form of flame. It now remains to 
explain the phaenomena and operations of 
elafticity by means of this fubftance, whofe 
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nature and properties have been fo fuDy ex* 
plained^ 
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SECTION IV^ 


Solution of Elaftidty. The Operation and 
Effencc of the Elaftic Matter explained ; 
Definition of that Subfiance. 

THE explanations of elafticity hitherto 
given are fo hypothetical and exceptionable, 
as fcarcely to deferve a refutation : we fliall 
quote them from Chambers^s Cyclopadiai (fee 
Elq/iicity.) " The caufe or principle of this 
important property, elq/licityj is varioufly 
ailigned : the Carthefians account for it by 
the materia fubtilis making an effort to pafs 
" through pores that are too narrow for it. 
' " Thus, fay they, in bending or compreiling 
" an hard elaftic body, e. gr. a bow, its parts 
" recede from each other on the convex fide, 
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*^ aiid approach on the concave : confc- 
** quently, the pores are contracted or 
*' ftreightened on the concave fide ; and if 
*' they were before round, are now, for in- 
*' fiance, oval ; fo that the materia fubiilisy 
*' or matter of the fecond element, endea- 
** vouring to pafs out at thefe pores thus 
** fireightened, muft make an effort at the 
** fame time to reft ore the body to the ftate 
** it was in, when the pores were more pa- 
^' tent and rouad, /. r* before the bow was 
« bent-" ' 

^^ Otber later a^id more wzMry philofopHers 
account for dafticity much after the fame 
manner, with this only diflference, that in 
^* lieu of the fubtile mattp: of the Ca.rthefians, 
^^ the£e fubfiitute Ether, or a fine etherial me- 
^^ dium^ that pervades all bodies/^ 

To this opinion it may be objiccled, firft, If 
thefe authors fuppofe the materia fubfilis or 
Ether different from the bafiis of air, the fob- 
fiance of lightj or the eleftrical matter, which 
are one and the fame, they fliould afcertain 
and prove its exiftence. Secondly, As by it 
they explain the adivity of other bodies, 
they fliould aifo explain how itfelf acquires 
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activity, or •whence k derives its motion. 

Thirdly, They fttould prove that all bodies 
which have an elalHcfpring are really porous. 
This we defy them to do, with regard to a 
thick well-polilhed piece of glafs, whether a 
prifm or lenfe ; unlefs, contrary to the na- 
ture and rules of philofophy, an arbitrary 
hypothefis is to fuperfede obfervation and 
experiment. 

** Otiers" continues the abovementioned 
author, ** fetting afide the precarious notion 
^ of a materia fubtilis^ account for elafticity 
** from the great law of nature, attraftion, 
or the caufe of the cohefion of the parts of 
folid and firm bodies. — ^Thus," fay they, 
wlien a hard body is fbruck or bent fo as 
the component parts are moved a little 
** from each other, but not quite disjoined 
or broke off, or fcparated fo far as to be 
out of the power of that attrafting force 
whereby they cohere, they muft certainly, 
** on the ceffation of the external violence, 
fpring back to their former natural ftatc.*' 




4C 
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To this opinion we alfo objeft, that thefe 
authors pretend to explain one myfterious 
operation of nature by another equally ob- 
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fcurc : for the principle of cohefion is hi- 
therto by no means difcovcred ; and the pre- 
fcnt folution of that property by corpufcular 
attrafHon is contradidory and inconiiftent 
with the iimplicity of nature. Corpufcular 
attraAion is a priqciple fo univerfal, and at 
the fame time fo compliant, that, according 
to Mr. Martin, * it explains the phscnomena 
of eruptions^ earthquakes, vulcanos, and elaf- 
tidty, as readily and as naturally as it does 
thofe of cohefion, foldering and glewing. 
Nor is this furprifing, fince, according to phi- 
lofophers, each particle of matter is at once 
endowed with an attraftivie and repulfive 
power, and at the fame time inert. But the 
inconfiftcncy of this notion has been touched 

upon in the preceding Leftures, for, in the 
iecond we haivefliewn, that either of thofe 
powers is inconfiftent with inertnefs ; and in 
the firft, that thofe powers, in the fame pap- 
tide of matter, ar? inconfiftent with each 
other. . 


V J 


Befides, hard firm bodies arc affumed Iq 
explain an univerfal principle lefs remarkable 

• ; 

f Sec the Phllofophia Brlunic^: 
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in hard bodies than in fluids, to which how- 
ever the explanation is totally inapplicable. 
For what attra&ion of particles^ is adequate 
to the elafticity of air, or the expanfion of 
fire, which will propel a ball from a cannon, 
with fuch force as will fplit a rock, and is 
capable of producing fuch effeds as accom- 
panied the earthquakes of Calabria above de- 
fcribed ? 

The hypothells which affigns the prefliire 
of the air as the caufe of elafticity, merits no 
attention : for a watch, or any machine ac- 
tuated by a fpring, will be found to continue 
its motions in vacuo^ ^s well as in the open 
air. 

Thofe indeed who make the elafticity of 
bodies proceed fronj the daftic force of the 
air they contain, have mahy exjperiments on 
their fide, and are in approach to the truth ; 
for the elaflic matter, which is the true prin- 
ciple of elafticity, is alfo the bafis of air, and 
muft confequently exift wherever air is inhe- 
rent. But it is not this air, nor the loofe fire 
which ele£lrical experiments detach from bo- 
dies that is the caufe of their elafticity j it 
is that air J that/r<?, or rather that elaftic 
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mattei' (for all thef^ have one common prin- 
ciple) which is contextured with the other 
elementary parts of bodies during their 
growth and formation. 

• 

Fire either produces or improves elafticity 
wherever it is employed. Water is by fire 
exalted into a moft elaftic vapour, as is clear 
from the -^olipyle or fieam engine ; for 
which reafon, the folar heat occafions eva- 
poration. For the fame reafon, mercury, 
folf^u^, and all metallic fubftances are fub- 
limated and put to flight by a ftrong fire : 
the heat of an animal protrudes its exudations 
md perfpirations : the heat of the feafon en- 
livens and fends forth the odorific effluvia of 
flowers and vegetables ; and, bowevier' great 
the elafticity of air be, which has^ for iisbafis 
the elaftic matter, it is ^ill heightened by 
fire ; confequently, every body that incorpo- 
rates air fliould be rendered more elaftic by 
fire ; and this is the cafe with all bodies 
whatfover. By the power of fire likewife, 
crude ords get the confiftency of firm and 
elaftic metals. By the action of fire, and the 
acquifition of phlogiftic or elaftic matter, the . 
fofteft iron gains the fpring and firmnefs of 
jfteel J 'and by the heat of a ftrong fire, or of 
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Ac folar %ht concentred in a focus, all tfe«efe 
fubfiances are reducjod to a vitrious matttT) 
wfaofe elafiicity is evidenced by the fotiind 
and melody t^f mufical inftruments compcrfed 
of glafs. From all which it follows that fire, 
if not the fole, is at Icaft the principal caufc 
crfdafticity in all bodies. 

Btit as the elafticity of moft bodies is im- 
proved in their converfion into glafi, this 
property, in other bodies, muft neceffaiily be 
fuppofed to arife from the fame principles, 
which concur to its production in that fub- 
fiance, which are fire and the faline prin- 
cijde ; for, by an uniform mixture of thefe 
expanfite and coercive principles in any bo- 
dy, a third is produced in a mediocrity be- 
tween th4 natures of both, that is, at the feme 
timfe expanfive and coercive, or, to exprels 

both in one word, *elaftic. From the nature 

•I 

of one of its components, the parts of this 
fubftance labour to expand, the other ingre- 
dient refii;ains their expanfion ; and between 
thefe oppofite exertions that tremulous mo- 
tion is proctuced, which charafterii]^ the daf- 
tic matter : for any touch, impulfe, or exci- 
tation, on a part of this compound fubftance, 
will flimulate a motion in the expanfive parts. 
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which would immediately fly ofi", were they 
not reftrained and kept together by the coer- 
cive parts» which, reading againft the centri- 
fugal propensity of the expanfive parts, bring 
them together again ; and this accefs of the 
expanfive parts, is a new ftimulation for their 
receis, and produces that efied : whence pro- 
ceed thefe alternations of receis and return, 
which conftitute a tremulous or vibratory 
motion throughout the parts of an elaftic 
body. For we have feen that the elaftic mat- 
ter is inherent in all parts, of elaftic bodies ; 
at prefent we underfiand this fubftance is 
every where compofed of the expanfive and 
coercive matters uniformly blended and con- 
textured together; confequently, the firft 
impulfe received, though but in one pare, 
ihould communicate a general excitation 
throughout the whole continuity of the elaf- 
tic matter ; and this general expanfion muft 
immediately be as generally counteraded ; fo 
that the vibratory motion operates through 
the whole, or a great part of the founding or 
elaftic body, whether firm or fluid, without 
difturbing or difpl^cing a fingle part or par- 
ticle from Its relatiT«5 fituation. 
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This theory is fully conformable to expe- 
rience, and feems to be the only theory 
ivhich gives a fatisfad:ory explanation of the 
phsenomena both in firm and fluid bodies. 
When a bell is rung, waves of air are gene- 
rated by the expanfive and convergent efforts 
of the elaftic fubftance therein contained ; , 
and diffufe on all fides, according as thefe ef- 
forts are propagated throughout this aftive 
. fubftance. This may be rendered more fen- 
fible by the vifible undulations of water. 
The number of waves, then, fucceflively rifing 
and diffiifing from the point, where a ftonc 
is plunged, clearly indicates the new ftimii* 
Jations of the expanfive matter, which arifc 
from the readion occafioned by the return- 
ing efforts of the convergent. The relative 
reft of all parts of the water, or their retain- 
ing their relative places, is proved by the 
quiefcence of a feather, or any other light 
body on the furface, and denotes the conti- 
nuity and uniformity of the elaftic medium 
in water, whereby its aftion is uniformly 
propagated, not by a tranflation of parts, but 
by a continuous reiterated impuIGon ; the 
fame in every particular may be faid of the 
fpherical waves excited and propagated in 

air by the tremours of a founding body^ 
#» * .... 
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widiout difplacing any particle of the air j 
and the fame explanation is likewife appli- 
cable to the elaftic treniours which are pro- 
pagated throfUgh all parts of the founding 
body, with a change of figure, but without 
any, change of place in its component parts 
or texture. 

Hie power of this fubftance to diffufe me- 
tals of different fpecific gravities throu^iout 
each.other, to blend them equally in all parts, 
and to unite them in one uniform mafs, dif- 
plays at om:e its ^^x^f^e^ continuous ^ and adbe- 
Jive properties. The fame properties alfo ma- 
iiifeft themfelves in its power of dafiufing 
through water the fenfibk qualities, and me- 
dsdnal virtues of vegetaUes and aDimds, 
which it had fufiained and nourifhed in 
tbofe bodies, while inherent in them ; but 
which it aHb retains and carries with it, 
%i4ien by co6ticm it is transfofed into wata: ; 
fixr it is by die eKpadfive pit^erty that it is 
diflodged and tranfpoTed.; by its continuity 
that it equally s^nd unifotmly inapregnates 
the water in dl parts ; and without the bind- 
ing property it could not transfer and retain 
its qualities, for they would be otherwife vo- 
latilized and excluded by the expanfive and 
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peiuetrating power of heat or fire, which is 
the inftnimental caufe of their traxifpofition. 

Now in order to form our defijiition, the 
fubftance and effence of this univerfal prin- 
ciple may be well expreffed by the name elaf* 
tic matter ; for although it be feemingly neu- 
tral and latent in all bodies, yet it is always 
the caufe and iconferver of their elafticity and 
vigour. For the fmalleft agitation, which 
deftroys its dormant neutral ftate, makes it 
impart to the body, in which it refides, a 
fpring and reftorattve power, to regain its 
original ftate ; as we have fliewn in our Lec- 
ture on this head. 

Bcfides elafticity, this matter, according to 
Boerhaave, is of a binding and ftrengthening 
nature, which it derives from the coerceivc 
matter which is one of its components. It 
is the bafis of powers, qualities, and xbedid- 
nai virtues, in foiEls, vegetables, and ani- 
mals ; as we have proved in the mixture of 
metals, and . tranfpofition of (qualities from 
body to body, in which it is the vehicle : 
we have proved the fame in the inftances of 
fufion and torrifkclion ; whence its utility 
and neceffity in mixing and binding bodies 
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together, in confolidating ores, and refining 
metals, and in changing iron to fted by im- 
pregnating it with phlogifton. This fub- 
ftahce> which is in fiaft nothing but our elaf- 
tic matter under another name, is obtained 
from vegetable and animal bodies, when 
purged by fire of what chymifts call their 
phlegm and fulphureous acids, the phlogiflic 
vapour, then emitted by th^m, gives to iron 
dafticity and hardnefs. 

As this elaftic matter, or, as Boyle ftiles it, 
elaftic fpecies is a fubftance effenced with 
qualities peculiar to and depending on its 
two component elementary fubftances ; not- 
withftanding its being a compound fubftance, 
it merits the name of principle. Species is 
too futile a name for it, but may be applied 
to its detached or emanative parts, as in 
deftricity. Thefe emanations are only fugi- 
tive or adventitious parts, which the body 
might have acquired from the influent light 
or air, and which it lofes again, when they 
are aJlefted and agitated by rubbing, or a 
flight warmth incapable of aflfeaing the tex- 
ture of the body, and fimilar to that which 
fends forth the odours of vegetables in fum- 
mer, or the eafy perfpiration of animals. 
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The eleftric celerity of the fugitive fpecies 
in thefe two inftances, is clogged by the hu- 
midityi wherewith the emanations are loaded ; 
and fo alfo the force of gunpowder is re- 
duced by moifture. 

, But, on the other hand, we fee that heat 
friaion, or collifion, fliocks the parts of a 
body, fo as to'roufe the latent matter, and 
give it motion and tremours towards the 
frifted parts, where it coUefts and compafts 
to fuch intenfity as to give a fenfation of 
light, and at length produce fire and flame ; 
as we have feen in the conflift of hard bodies, 
where the operative caufc is evidently the 
fiiftion, collifion, or fire there applied. But 
in air, water, and fluids in general, it i& 
6ot fo eafy to determine the operative caufe 
which produces the motion, colleftion, and 
intenfity of this matter, to caufe winds, me* 
teors, and ftorms which are to be examined 
hereafter. 

When this elaftlc matter is, by fiiftion, col- 
lifion, or the application of fire, kindled to a 
confuming flame, it then acquires the ulti- 
mate degree of expanfion and vigour, by 
difengaging itfelf in fome meafure from the 
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£backles of tbe adhciive piiudple^ chaa^g 
ioAo light it9 original form and ftat^, when 
creaked to warm and enliven the primor- 
dial matter : but as long as the luminous 
matter remains contextured with the coer- 
cive, fo as by a perfeft folution and inter- 
mixture of both (fimilar to that of metals in 
foiion^ or of different liqyids mixed toother 
in one uniform fluid) to form the continuous * 
porelefe, and uniform fubftancc called the 
el^ic matur \ fo long this Aibftance remains 
quiefcent through an equilibrium between the 
powers, of its component principles, and ex* 
erts no aftion, until excited thereto by fome 
external caufc. But being thus afted upon, 
a peculiar operation of this fubftance is pro- 
duced, fuitable to that particular fpecies of 
elaftic matter, or conformable to the nature 
and violence of the aftiug caufe. By which 
m^ans the various efFeds already enume- 
rated, to wit, elajiicity^ tremour^ ele£lriciiy^ 
lights fire ^ znd flame^ arife from the fame ge- 
nerical principle, according to its accidental 
vsudeties, or exdtijikg cauies:* 

Having now^ in the courfe of this Ledure,, 
cleared, our doubts concerning the texture. 
ai*d ^^ce of this univerfal principle, and by 


/" 
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a more ample inveftigation of its properties^ 
folved the phaenomena of dafticity, it is very- 
fortunate to find that the naturey which has 
thus come to light, is, not only adequate to» 
but even obvidufly produflive of all the opo» 
rations and ef&ds before afcribed to the <ja£- 
tic matter ; fo that here fubfequent difcov^- 
ries illufhrate and confirm thofe which pre- 
ceded. 

In the prececling Le^hires, we have efii»- 
Ui&ed the exiftence and univerfality of this 
fubftance, and bftvc pretty foUy enuotcrskted 
and explained its operations and effeds-; we 
have likewiie fiiewn it to have been ada^u* 
ted by the moft aUe philofophers as an ob* 
fcure, indeed, but univerfal and efficacious 
principle ; it ntxw remains to cU>fe'OUF invefi. 
tJgations on this fubjeft, by coDefting our 
principal difcovcries into an extenfive and 
well-founded definition ; a method, which, 
if univ^rfally adopted and purfued, will, in 
time, introduce into phyfics that perfpicuity, 
certainty, and preciffion, which have hither- 
to been confined to mathematics alone. 
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Definition of the Elaftic Matter. 

The elaftic matter is a fubftance compofed 
of two elementary principles, to wit, the ex- 
panfive and the coercive, fo blended and con- 
textured together, as to form one homoge- 
neous and continuous fubftance. Its eftence 
confifts in a double power of expanfion and 
convergence ; which it derives from the dif- 
tih€t eflences of its two components; and 
which may be exprefled by the name bridled 
expanfion (z term borrowed from the great 
Sir Francis Bacon.) One of its principles is 
the material caufe of cohefion, the other the 
fource of expanfion and fluidity ; and the 
exertions of both, when excited to action, 
produce the phaenomena of elaflicity and tre- 
mour. This compound fubftance is the bafis 
of all lively material powers and qualities. 
Its activity is invigorated by heat, reftrained 
by cold, but reduced and enfeebled by 
moifture. 


LECTURE VII. 


On the Propagation of Light; on its 
tranfmiflion through diaphanous Bo- 
dies. The Communication of Heat ; 
and the Solution of Tranfparency. 


SECTION I 


On the Motion, Texture, and Propagation 

of Light. 


T 

XT has been juftly confidere4 as an uniur- 
mountable difficulty to reconcile the tranfpa- 
rency of bodies with their denfity; but par- 
ticularly, with that porelefe continuity, which 
the tcftimony of our fcnfcs, and every kind 
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of phy Ileal reafoning requires > we fliould at- 
tribute to glafs : for the penetration of bo- 
dies, except where one opens and yields a 
pai&ge to anothjer, is inconfiftent with the 
univierfai and ^effeqtial properties of all mat- 
ter, to wit, iplidity and e^tgofion. Now 
glafs hf^ been proved by experiment to be 
void of pores ; if then it tranfmits light, as 
it evidently appears to do, two bodies muft 

t)ccupy the fame place j or, if this be impof. 
fible, as it is juftly deemed to be, lince the 
tranimiifion of light feems incontefiible, it 
will follow, contrary to the moft clear and 
accurate obfervations, that glafs is really po- 
rous. 

Here a principle, founded on reafon and 
eftabliihed by analogy, is in direft pppofition 
with a fcift afcertained by the moft clear evi- 
dence of our fenfes* Doubtlefs both cannot 
be true, both however are founded on prin- 
ciples of fcience, arfd fources of human know- 
ledge; flb^U we then rejeft one, or rejed 
both ? To rejeft one, iince both fbem equally 
evident, would be deddiijga queftioaby ca- 
pxice rather than couvi(9;ipn ; ajad to rejeft 
both, would be renouncing every fource of 
philofophical knowledge, introducing fcep- 
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tifciifm into every fcience, and bidding adiea 
to the moft nobk employment of the hmx^an 
mind. Let us therefore rather continue our 
rnveftigations, in hopes of coming at truths 
Nature is fimple and confiftent with berfelf ; 
all the 4ifc:overies we make in her operatk)«i6 
are therefor^ reconcileable, provide we diC- 
cover the real caufes. Imaginary or aflumed 
caufes may be inconfiftent and contradictory ; 
and their inconfiftency is a proof of a mis- 
take ; but the real caufes are fimple, uniform 
and univerfal, which characters are a clue 
for their inveftigation, and a teft of their re- 
ality, when difcoveredf 

The prefent dilemma is pretty fimilar to 
that which formerly exercifed the ingenuity 
of philofbphers, and bccafioned the difagree- 
ment between the abettors of the Ptolemaic 
and Copernican fyftems. The former ob- 
jeAed to the diurnal motion of the earth, 
the ftability of houfes, trees, men, &c. and 
pleaded both reafon and obfervation to ihew, 
that if the earth revolved about its axis, 
every thing would fly off, like clods from the 
wheel of a carriage, or a ftonc from a fling : 
the latter urged the fimplicity of nature, the 
analogy from the other planets, &c. Thus 
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forcible arguments were played off on both 
iideSy without convincing the difputants, or 
improving the fcience. At length, however, 
the iagacious Kepler difcovered the proper- 
ties and law of gravity, by which the objec- 
tions of the Ptolemcans were done away, 
and the Copernican fyftcm gained eafy ad- 
mittance ; fo that the ignorance of gravity, 
(whofe caufe, by the way, ftill remaiiis ex- 
tremely obfcurc) was the fource of this in- 
confiftency in fcience, and difficulty in the 
explanation of nature. In the fame manner, 
fome wrong prejudice haftily adopted, or 
fome mifinterpretation of the fafts apparently 
fo clear, muft be the fource of the prefent 
difficulty ; 'wherefore, to guard againft both, 
we fhall examine all parts of the fubjeft with 
the utmofi caution and diligence ; confidei^- 
ing firft, the nature of light, fecondly, the 
texture of tranfparent bodies, and thirdly, 
the mode of tranfmiffion, or the communi- 
cation of light through diaphanous bodies. * 

When a candle is lighted in a room, the 
walls and furrounding bodies are infiantane- 
oufly illuminated; a flafli of powder at 
flight, will, in the fame manner, illuminate 
th^ atmo(phere to a great extent; and lighteri- 
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ing will fpread its inftantaneous gleam to a 
ftill greater diftance : but what is ftill more 
remarkable, neither glafs, water, nor any 
other tranfparent body will interrupt this 
fubitaneous diflTufion of lumen. The queftion 
is, therefore, whether the matter of light fo 
difFufed from the flafli of powder or light- 
ning, be really projeded and tranfmitted 

through the atmofphcre, the glafs windows, 
and other diaphanous bodies, to the bounds 
of the illuminated fpace. This is the reign- 
ing opinion : it has received the fandion pf 
Sir Ifaac Newton's authority, and is delivered 
in thefe words by the author of the Philofophia 
Britanica. * " Li^t confifts of inconceiva- 
bly fmall particles of matter of different 
magnitudes, which are. enutted or refledcd 
" from every point in the furface of a lumi- 
" nous body, in right lines, and in all direc- 
** tions, with an unparallelled velocity ;" 
this velocity he fliews to be ten thoufand 
times greater than that of the earth in her 
orbit, or above a million and an half times 
greater than that of a cannon ball, which 
would go through 578 feet in a fccond of 
time: he calculates it to be about 170,000 
miles in a fecond, /• e. near 680,000 times 
fwifter than found: whence he infers the 

* See Ledure on Light and Colours. 
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extreme fmallnefs of its particles, to which, 

however, he attributes different magnitudes, fo 

** that the comparative terms greater and lefs 

are as applicable to the particles of light, as 

to any other bodies." However, he lays fo 

much ftrefs on the extreme fubtility of the 

particles of light, as to declare, (2 Vol, p. 27 1) 

that " without this qualification, it could not 

** have pervaded the pores of bodies, and fo 

•* we ihould have none of thefe which we 

call diaphanous or tranfparent, and every 

thing but the furface of body would have 

been concealed from the fight of man- 

"kind." 

But this opinion is fubjecl to ferious difii- 
culties, which, though repeatedly oppoled to 
Newton and his followers, have never yet 
been liquidated by either, r I fhall quote 
fome general ones from Dr. Hook, an Eng- 
lifli philofopher, and a cotemporary of New- 
ton, but fomewhat his predeceffor in the lite^ 
rary world. : ^ 


ic 


« ' * • i • 


" Firft, * It is hard to conceive how fuchin. 
^« finitely fmall bodies fliouldj with fo rapid a 

• Sfce the Pofthumous Works of Robert Hook. LeAurci of 
l^ijg^hc, read in 1680. ,. 
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« motion, pafs fo vaft a fpace in an inftant 
*« almoft, and yet, in every point of diftancc, 
«* meet with croffing fpherical furfaces of 
« light'* (from the ftars, I fuppofe and re- 
fle6ting planets) '* and yet not be impeded or 
« ftopt, 

" Secondly, Tt is not as yet proved that 
** there is any fuch thing as a vacuum in natm-e. 

"Thirdly, Though it might be granted 
*' that there was ai^ extenfion without a bo^ 
<' dy to fill it, and a perfeft vacuity; and 
** fo the atoms or bodies moved through it, 
" will pais without any impediment from 
" this medium or fpace, yet, fince we fee 
<* that light paffes die mpft folid bodies alfo 
" inftantaneoufly, or in a velocity rapid be- 
*^ yond imagination ; here certainly it fhould 
*• meet with impediments to ftop it : for wd 
" fii!Ki it pafs through the iiardeft in the 
** world, namdy, a diamond ; aiiid it feemst 
♦* to pafs more fiTcdy through it than through 
** the air or Water, or the moft fluid body j. 
*' as may be gathered from the greater re- 
*' fraction of the rays from the perpendicu- 
lar, in the mofc folid body. Nor can I 
conceive how the vacuity of the pores of 
" the bodies can folve this difficulty, fince it 
** will be hard to conceive how thofe poresjr 


ic 


cc 
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** can be alike open on every fide to the 
^ pafiage of the atoms of light, 

*' Fourthly, fuppofing fuch a vacuity or 
*' medium not refitting motion, and that 
** there were fuch bodies as atoms to be 
*' moved in it ; yet it is difficult to copceive 
how they fhould receive fo rapid a motion 
from the luminous body : for no fuch 
rapid motion is there in being. Now 'tis 
a rule, nil dat quod non habet^ that which 
** hath no fuch rapid motion cannot give it 
*^ to the atoms proceeding from it. Now 
that it is not neceflary a luminous body 
ihould have fo rapid a motion, may be ar- 
gued from the Ihining of a diamond in 
the dark, only, by gently flriking it with 
** the end of one's nail, as I have often expe- 
*^ rienced upon a large diamond that had 
*' that quality, or from the fhining of rotten 
** wood, or fuch other cold fubftances, which 
** feem not to have any fuch kind of rapid 
*' motion, and yet produce light, which 
** might be further inftanced in the new 
** phoiphori. 

" Fifthly, If fuch a rapid motion of fiery 
** atoms ihould be the caufe of light, it would 
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** be very difficult to conceive, how fo ten- 
*' der a part as the eye fhould continually 
*' receive them concentrated in the tunica re- 
*' fina^ and yet not be deliroyed and bat- 
** tered to pieces by fuch continual volleys of 
*' atoms/* ' 

** Sixthly, if there were fuch a conftant 
^^ emanation of atoms, and that it has conti- 
** nued fince 'the creation of light, certain- 
** ly this fuppofed inane ^ or void fpace be- 
** tween the celeftial bodies, muft needs have 
*' been filled quite full long before this, and 
** then the free and inftantaneous motion of 
the fucceeding emanations muft have 
ceafed, becaufe they muft find their way 
all ftopt up by others, and confequently, 
by this time we fliould have no light at all 
** communicated by the fun. 

But to come to confiderations more perti- 
nent to the prefent inquiry, every phyfical 
theory admits^ and conftant experience 
proves, that even bullets difcharged by the 
force of artillery, are affefted by the refift- 
ance of the air, and that, not in the fimple, 
but in the duple ratio of the velocity of the 
moving body ; for, if only one particle of air 
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was to rcfift, reaftion being equal to aftion, its 
refiftance would be in proportion to the vdo- 
dty of the moving body ; again, in a medium 
where there are many particles, the refift- 
ance wiH be as the quantity of refitting mat- 
ter the body meets ; . but the fafter the body 
moves, the greater quantity it meets : that is 
again, the quantity of refitting matter is as 
the velocity ; therefore, from both considera- 
tions, the refiflatice will be as the fquare of 
the velocity : hence it is that a leaden bullet 
fliot into Water, is flattened as effeftually as 
i£ it 1<rcre ftruck with a fledge, whereas, if it 
be thrown into the fame medium with a 
moderate velocity, it will neither receive any 
impreffion, nor be fenfibly refitted. 

There are likcwife other circumftances, 
which influence the refiftance of a medium ; 
for inftance, the refiftance is great in propor- 
tion as the medium is denfe and tenacious, 
and as the raioving body is large or ex- 
tended; but it is alfo to be remarked, that 
the more denfe the moving body, the lefs it 
fufFersfrom refiftance; for the refiftance is 
as the quantity of furface, but the force of 
motion is as the weight of the moving body, 
the former of which leffens as the fquare. 


i 


TRANSPARENCY. 317 

and the latter as the cube of tbe diameter : 
from all which it follows, that when bocHes 
are equal m W'eight aiKl magmtude, in fine 
fame medium their refinances are as the 
fquares of their velocities, u e. putting R for 
refinance, and V for velocity, R as V*. 

Again, where the moving bodies di&r in 
magnitude, all other things remaining the 
fame, their refiftances are as their iurfaces, 
that is, as the fquares of their ^ameters. 
Putting then D for diameter, it will be in 
this cafe, R as D* 

Therefore, from both cafes, ic will be 

Again, the force of a body's motion in free 
fpace, is as its quantity of matter into its velo- 
city ; but the quantities of matter of diflFcr- 
ent bodies of the fame den^ty, ^re as the 
cubes of their diameters ; therefore putting 
¥ for force of motion, F will be as D^xV. 

Confequently, the force wherewith bodies^ 
of the fame denfity, but differing in magni- 
tude, move through or pervade the parts of 
the fame medium, with different velocities. 
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will be as g;^ i. e. as -=^ that is, their per- 
vading forces will be as their diameters, di- 
vided by their rcfpedive velocities. 

Now, if the pervading force of a leaden 
bullet, whofe diameter is an inch, be fuch as 
will make it pafs through our air 200 yards 
in a fecond of time, what fpacc, in that me- 
dium, fhall a particle of light pafs through, 
whofe diameter is but the thoulaiydth part 
of an incl\, and whofe velocity we fliall only 
fay, is a million times greater than that 
of a bullet? (Mr. Martin efteems it a mil- 
lion and an half times greater,) According 
to this theory, it will defcribe five million 
times a lefs fpace than the mulket-ball fup- 

pofed : for D : d : : i : j^^ and V : v : : i : 

1 000000 ; but the pervading forces are as 
D . rf . . J 

•r—r \ I. €• as I • — ""• 

V V I 000000000 

And where the medium is the fame, and 
the time the fame, the fpaces gone through 
will be as the pervading forces. Now the 
bullet goes through 200 yards in a fecond of 
time } therefore, the particle of light, fup- 
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pofing it of the fame fubftance with the bul- 
let, will, in a fecond of time only pafs 

through a fpace equal to 


200 


lOpOOOOOOO 

L e. the five millionth 


I 0000000 5000000 

part of a yard. Where now is the fuppofed 

tranfttion of light through our atmofphere ? 

Again, where a body moves through dif- 
ferent mediums, the rcfiftance it meets with 
Ihall be as their denfity and tenacity conjoint- 
ly ; now water is 800 times more denfe than 
air } tronfequently, though it did not exceed 
air in tenacity, light would meet with 800 
times more rcfiftance in it than in air ; yet 
we find that both are inftantaneoufly illumi- 
minated ; can this be effefted by the mode of 
Iranfiiian f 

Hitherto we have fuppofed light, however 
fmall its particles, to be of the fame fpecific 
gravity with lead j but if now to minutenefs 
we add levity or rarity, the lofs of motive 
force will be much more remarkable. For 
this we have no precife ftandard, but from 
general obfervation, weight fecms totally un- 
imputable to light, (whatever reafons are al- 
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ledged for the contrary opinion fhall be exa- 
Biined in their place) but for the prefent to il- 
luibrate the matter in a general manner, let fine 
feathers or down, minced as fmall as poffible^ 
and in their k>ofe form be difcharged from a 
mufket, to fee how far they will proceed in 
air. To form a proper judgment, their pro- 
grefs £hould be obferved only from the time 
they begin to feparate and expand j for the 
exipaxifive and diffufive propenfity of light, 
is another circumfiance iuimical to its per- 
vading motion. To conceive this more ful- 
ly, it muft be obferved that whether light be 
illowed to be void of weight or not, at leaft, 
v^ the caufe of rarifa^on in all other bodies, 
it BUift be exceedingly more rare than any 
other fpecies of matter ; and this is ^e great- 
eft of all its impediments in making a pailage 
through air, a medium many degrees denfer 
itiZfx itfelf ; for at the loweft computation, 
thP nuity of light mufl exceed that of air, in 
% p-eater proportion, than the rarity of air 
^i^ceds that of water. 

tet then an experiment be made^ by dif- 
qharging an air balloon, or any body of that 
rarity into water. A leaden bullet, with the 
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Velocity that powder gives it is flattened by 
reiiftance, before it makes a pafiage of zo 
inches in water ; a ball of air then, with the 
fame velocity, would not penetrate at all j 
much lefs would it with a greater velocity ; 
for refiftance increafes in the duple ratio of 
the velocity, whereas the moving force only 
increafes as the fimple velocity ; confequent- 
ly, when the velocity is increafed, the refift- 
ance rifes in an higher proportion than does 
the pervading force ; ftill lefs would this air 
penetrate if fcattered and unconfined : con- 
fequently, the light or fpecies of a candle- 
flame, of powder, of lightening, or that of the 
fun, does not pervade the air to any fig- 
nificant diftance, not perhaps to the mil-, 
lionth part of the diftance, to whick the 
luminous gleam extends. 

Nor is this the only fide on which the pre- 
fcnt ^doftrine of light feems exceptionable. 
Its pervafion through diaphanous bodies, and 
its being compofed and propagated in diftinft 
particles, are confequences of the prefent fyf- 
tem of pores and corpufclcs, founded on the 
Epicurean principles of vacuum and atoms, 
of which later philofophers have been too 
niuch enamoured. But, as the former mo- 
tion is contrary to reafon, the latter is 

X * 
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contrary to analogy ; for, in othei; folic! and 
fluid bodies, as far as experiment can reach, 
particles arc rather the objeft of imagination 
than of fenfe, and are frequently as hypothe- 
tical as the points into which a line is divifi- 
blc; which may indeed ferve to fix the atten- 
tion, or illuftrate fome idea, but can never 
be fuppofed real and diftinft components in 
the line. In order to afcertain the truth of 
this remark, if we examine the ftate of that 
body of light which furrounds a candle or 
any other luminous body, we find it extends 
on all fides, as from a centre; being on 
every fide, and in every direftion, equally 
intenfe at equal diftances from the central 
flame. Befides, philofophers agree upon 
thefe two points, to wit, that it's intenfity at 
different diftances from the luminous body 
is always in the inverfe duplicate ratio of the 
diftance j and that there is not a point within 

4 

the bounds of the illuminated fpace, even at 
the moft attenuated part, void of light ; with 
this difference however, that, according to 
the aforefaid ratio, any given fpace, fuppofe 
that ;ivhich the head of a pin would occupy, 
at a certain diftance from the illuminating 
' body, fliall have an hundred times more 
light than would the fame fpace have at ten 
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times that diftance ; yet, at this greater dif- 
tance, the matter of light is as equally and as 
evenly difiufed, as at the very fiirface of the 
luminous body, from which it iflues alike at 
all parts, while at all parts the flame is equally 
vigorous and unrcftrained: and this being 
the cafe with the fun, we have reafon to con- 
clude, that the fpecies of light is as equally 
and evenly difFufed at the remoteftpart of the 
immenfe fphere he illunxinates, as at his fur- 
face, where that fpecies is moft intenfe. For 
there is not an ailignable point ^t the verge of 
that illuminated fphere, in which an eye will 
not fee the luminous body. There is not, 
therefore, a point in that luminous fphere 
to its termination void of light. Confe- 
quently, the light that fills this fpherical fpacc, 
muft be a continuum^ that is, not compofed of 
diftinft particles, but a flowing fubflancc 
void of pores. 

' m \ ■ 

To reafon mathematically on this fubjeft 
(for mathematical reafoning is allowable in 
phyfics, when applied to its proper objects, 
to wit, number^ dimenjionsy quantity ^^ &c.) If 
light be emitted from the fun in diftinft par- 
ticles, thcfe cannot be fuppofed clofer athis fur- 
face than to touch ;. therefore, as they arc fup- 
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pofed to diverge, at the diftance of a yard from 
t^e fmiy they are no Ipngei* in con tad, but 
have a real^ though not a perceptible interval 
between them. And fince the raxity of light 
itocreafes in the duplicate ratio of the dif- 
tance, from the firailarity of triangles, the 
intervals between any two contiguous rays, 
at any diftance, muft be diredly as diat dif- 
tance from the Imninous body ; omfequent- 
ly, at the diS;ance of a thoufand yards, i. e. 
a(t half a mile's diftance frx^m the fun, the in- 
terval betweeia them will be a dioufand times 
greater: now fuch intervals ihould be in 
fbme nuimer fenfible, but much mca:e fo at 
&000 times that diiftance^ /. e. at the diftance 
of a iemidiameter of the earth from the fun : 
but, according to Kepler, our mean diftance 
from the fun is 34377 femidiameters of the 
earth ; how very great then {hould the inter- 
vals between any two contiguous rays of 
light be at the furface of the earth ? Cer- 
tainly, in tjii^ cafe, the intervals ihould be 
fo great her$ between contiguous rays, as 
would leave fmall objedls, fuch as a. pin's 
point or its head in obfcurity, for want of 
light thfit would render it viiible, which is 
contrary to experience; therefore light is 
not in the form of particles. 
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For we find by experience, that wherever 
fuch a point is prcfented when the fun ihines, 
it will meet and refled not only a particle, 
but millions of particles, for it will be vifiWe 
at fo many different points, as a perfon may 
difcover by viewing it through a microfcopc, 
from every point of ipace around it where he 
will not obftrud the light. This rcafoning 
may be rendered fenfible, by drawing as 
greiat a number of rays as poffible from the 
centre of a circle to the circumference. For, 
however the number of fuch rays be multi- 
plied, according as they extend from the 
centre, their divergence will increafe; and 
the interfticial fpaces will foon exceed the 
breadth of the rays : for it mufl be obferved, 
thaf the rays made ufe of to illuftrate thjs 
matter, mpfl not be pure mathematical lines ; 
they mufl have, and be fuppofed to have 

breadth, otherwife they could not reprefent 
ray^ of light, which, according to Sir Ifaac 
Newton, have not only magnitude and di- 
menfions, but alfo different Jides^ endowed 
with oppofite powers. 

Since, thpn, no pore or void interflice can 
be found, or juftly fuppofed, in the whole 
globular body of light wliich furrounds ^c 
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fun, that fphere of luminous matter is in all 
parts perfe6tiy continuous, and on all fides 
equally dcnfe, at equal diftances from the lu- 
minous body. Again, we find that a candle 
pr lamp, if equally fupplied with fuel, and 
uniform in the vigour of its flame, will con- 
ftantly and uniformly maintain the furround- 
ing ^ace replete with light ; the extent of 
this illuminated fpace will be proportioned to 
the vigour and magnitude of the flame ; but, 
whatever be its extent, it will remain perma- 
nently full, as long as the luminous effufions 
continue to iflue forth. Nor is any increafe 
or diminution of denfity or luftre perceptible 
or admiffible in any part of this fpace, from 
the moment it is illuminated, until the flame 
be extinguiflied, provided the magnitude and 
vigour of the flame remain unvaried. Con- 
fequently, as this i? the cafe with the fun, 
whofe magnitude and vigour are always the 
fame, we ^uft by analogy conclude, that the 
whole fpbcrical fpace which he illuminates, 
is, and has always been, permanently and 
equally full of light, fince that glorious body 
was placed in the centre of the univerfe, to 
enlighten, cherifh, and enlivlen his fyftem of 


planets. . 
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What has become of the folar emanations 
during fo many thoufand years already elapf- 
ed (his Kght and heat not being more power- 
ful upon the earth at prefent, than a thou- 
fand years ago) : as alfo how his vigour is per- 
manently fuftained : or by what pabulum his 
perpetual eftiilions and wafte of fubftance are 
fupplied : thefe are queftions which deferve 
more attention than philofophers generally 
beftow upon them, but which the limits prc- 
fcribed in this inquiry will not permit us 
here to examine, we muft therefore referve 
them for the fecond part of this "W^ork. Wc 
fliall only remark, that if the vaft expanfc 
wherein the planets move had been a perfcft 
vacuum, when the fun was firft placed in its 
centre, it could not continue fo long : for 
furely a fpace fo replete with folar matter as 
not to admit the fuppofition of the fmalleft 
vacuity or interftice, cannot be called a va^ 
cuunij but rather a plenum^ in the ftrifteft 

fenfe. 

And fince the filling up of any fpace with 
a fluid from a fountain fituated in any part 
thereof is a material efFeft, arifing from a 
material caufe, time is neceffary for its pro- 
durtion : tberefore, as a new made pond re-- 
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quires time to be filled up by a fpring in its 
centre, or a ftrcam flowing into it, fo the vaft 
illuminated fpace about the fun, after that 
body was created and fixed in its centre, re- 
quired time to be replenifhed with his efiu- 
lions. And as the pond, whenever filled, is, 
by a conftant acceflion of water from the 
fource, kept permanently full; in the fame 
manner, the plenitude of luminous matter 
in the vaft expanfe, fince it hath been ori- 
ginally filled by the folar effufions, is held 
up in all parts thereof, by a conftant accef- 
fion of new-born matter, flowing in continuum 
and in orbem^ not with that inexplicable pro- 
jedile velocity of 1 70,000 miles in a fecond, 
i. e. a fpace equal to the earth^s diameter, in 
lefs time than the twentieth part of a fecond 5 
but in a conftant and continuous flow, like 
that of water, M^hich keeps the pond full, or 
that of candle-light in a room, either of which 
muft be removed before the fucceeding effu-* 
fions can pafs towards the limits of their re* 
fpective fpa^es. .. . 1 . > 

From the wafte of a, candle or taper, we 
know that the tallow or wax is fucceffively 
transformed into the flame which confumeg 
it, and thence expended in effufions of light. 
We alfo know from experience, that thq 
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light once diffufed throughout the room is 
not increafed by the fucceeding effufions, 
but is as intenfe and ftrong the moment af- 
ter illumination, as after a number of hours. 
Since then light does not incrcafe by the 
fucceffive efFufions of the flame, thefe effu- 
fions muft vanifli at the bounds of the en- 
lightened fpace, where Walls and other opake 
bodies abforb the light as fail: as it iflues 
forth. But, for this purpofe, the light of 
the whole fpace mufl: be in motion from 
the centre of the flame on all fides, in orbem^ 
with a centrifugal propenfity towards the 
furface, fo that every part or particle of light 
retains its relative place with regard to thofe 
which precede and follow. For a fubfequent 
effufion not having a greater force or velo- 
city than that which immediately precedes, 
can only follow the former in its natural or- 
der, and with the fame common motion ; and 
even though it were fuppofed to ifliie forth 
with a greater force than did the former, 
which is a falfe fuppofition, the fpace bdiig al-« 
ready filled, this could only avail to protrude 
the already moving fluid with a new impulfe; 
and fince the eflFufions of the fun, or of any 
other luminous body, as, for inftance, the 
flame of a candle, are emitted, propelled, and 
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get motion by the expanfivc vigour of that 
boiy, all the emitted fpecies will continue in 
the direftion and motion fo received ; this be- 
ing fo throughout the whole body of the lu- 
minous fpecies, which, in all parts is flowing 
from centre to furface in orbem^ no other force 
is ncccffary to prefer\'C that motion. 

This theory may be again illuftrated by the 
fpherical waves of air, or of its elaftic fpecies, 
which expands on all fides from where it 
is agitated by the tremours of a founding 
body, with this difference however, that 
light flows thus in orbem^ but conftant, with- 
out intermiflion, in uniform fucceflion, we 
may fay, like time. The caufe of this differ- 
ence is, that the fpherical waves of air are not 
occafioned by the fuccefllve generation and 
diSufion of a new fpecies, which afterwards 
vaniflies ; for the elafliic fpecies of the atmo- 
ipherc is permanent, and its waves arife from ' 

the tremours of the founding body, which 
communicate v an impulfe to the air, which 
being refifted by the ftagnatc and remoter 
parts, the aftion and reaftion caufes a vibra- | 

tory undulation. But, on the other hand, 
the new-born fpecies of light, when emitted | 

and urged forward by the expanfive vigour 
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of flame, is^ neither rcfiftcd nor retarded by 
what went oflF before it, that having received 
its motion from the fame power, as will alfo 
that effufion, which is next to follow from the 
flame. Thus, if the emanating fpecics were 
divided . into parts, as time is divided into 
moments, the former would follow in fuc- 
ceffion like the latter, without any poflibility 
of changing their relative places, but would 
flow in a continuum^ without interval or intcr- 
fticc, becaufe they vanifli in the fame order 
in which they came into exiftence ; and alfo 
like time, which is ever prefent, though in 
conftant fucceflion ; fo this body of light, 
though ever flowing from the fun, is ever 
prefent in all the parts of the vaft expanfc 
which he illuminates, except where opake 
bodies intervene. 

Since, therefore, no part is flagnate, either 
near or remote, and no part meets witlj curb 
or refiftance from its own fpecies, fo as to form a 
tremulous motion, the a6lion of this fluid muft 
be fwifter than any other that is fubjeft to fuch 
reftraints ; which accounts at once for the 
immenfe celerity, unremitted propagation, 
and reftilineal dire6lion of the illumina- 
tion. The firft and fecond of thefe properties 
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arc owing to the prodigious expnnfive force 
of the fun, and this uniform and uninter- 
rupted fucceflion of his emanations ; for, on 
{bis account, the vaft expan/um is continually 
rcpJctc with folar matter, proceeding from 
the fun with unchangeable motion, and im- 
prefling the fenfation of light and vifion, 
wherever an eye becomes expofed to the 
imp^lfe of this uniiiterrupted flood, that is, 
the milant the opake body is removed which 
intercepted its continuity. The re£tilineal di- 
reftion of light proceeds from the perfeft 
continuity of the whole flood of folar mat- 
ter ; for there being no interftice or vacuity 
throughout the whole extent of its difiufion, 
but tiiis flowing fubftanac being a perfeft 
flenuntj each and every part muft retain its re- 
lative place, and original determination, with- 
out ability to deviate therefrom. Nor will 
its rectilineal courfe be altered by the in- 
tervention of an opake body ; for this fub- 
fliance is not tenacious or adhcfive, but of a 
quite oppofite natiure, 'uiz. expanfivc and di- 
vergent ; It will not therefore in its progrefs, 
like waves of water, bend round obftacles, 
no more than if it were in the form of di- 
ftinct and detached particles, propelled in 
right lines from the fun. ^ 


I 

■ i 
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From the whole of this natural inveftiga- 
tion it appears, that light is neither com- 
municated through tranfparent bodies by 
tranfiiion^ nor compofed of diftinft particles, 
but a flowing body, whofe parts are in fuc- 
ceffive generation and confumption. Its mo- 
tion is in orbem^ and its motive force is the 
expaniive vigour of the luminous body, by 
which it is emitted and protruded, not by 
diftindt impulfes, but a confiant and fucceiP- 
five prcfliire of the new-born matter, ifliiing 
from its folar fountain, or ^y other lumi- 
nous body. 
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SECTION IL 

The Caufc of Continuity in Glafs. Light 
not tranfinittcd by Pores. Porous 
Hypothefis groundlefs. 

IN the preceding Seftion, we have exa- 
mined one part of the' prefent hypothetical 
folution of tranfparency, and have found, 
that the fuppofed tranfition of particles of 
light through pellucid bodies is inconfiftent 
with the phacnomena of light, and laws of re- 
iifiance ; but to bring the fubjed: to a more 
fatisfadory iiTue, and to facilitate the difco- 
very of the real mode of light's communica- 
tion through tranfparent mediunas, we fhall 
now confider the phaenomena of tranfpa- 
rency, and colled as much information as 
poffible from them, and from the obferva- 
tions of other philofophers, but particularly 
Newton. 
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It is a known faft, that glafs is tranfparent, 
and that vegetables in general are opake ; it 
has appeared however, in the courfe of this 
Work, that both are compofed of precifely 
the fame materials^ or elementary fubfiances, 
viz." earth, light, and a fixed alkaline fait. 
This proy;es that tranfparency does not pro- 
ceed folely from the light contextured in 
glafs, as we have fomewhere hinted, but that 
a certain difpofition of the component prin* 
ciples is likewife neccffary ; for, when the 
conftituent matters are identically the fame, 
from what, but the difference of texture, can 
fuch different properties arife ? That circum- 
ftance therefore, deferves attention. It has 
already been advanced, and clearly proved, 
that glafs is a continuous fubftance void of 
pores, this property which it acquires by a per- 
fe& folution, is, without doubt, a neceffary 
condition, and perhaps a principal caufe in 
the production of tranfparency ; for, in cafe 
of a mixture of diffolvable bodies with water, 
the more perfeft the folution, the greater 
will be the tranfparency of the liquid. Let 
fait, for inftance, or any diffolvable powder, 
be thrown into water, or fome other diffol* 
vent, and then Ihaken together in a glafs ; 
the mixture will be opake, until the powder 
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be pcrfeftly diffolvcd, or the undiffolveci 
parts, if any there be, fall to the bottom : 
for, as long as any undiffolved parts remain 
fufpended, they will intercept the light, and 
the liquor will appear muddy and opake. 
But, when the folution is fo perfect, and the 
two bodies fo intimately blended, as to form, 
I may fay, one homogeneous body, the 
tranfparency becomes complcat : wherefore, 
vice ver/a, perfect tranfparency in a liquor 
thus impregnated, is the criterion of a true 
folution : confequently, the tranfparency of 
glafe is a proof that the flints, earth, ftones, 
or whatever fubftances entared into its com- 
pofition, were, according to Boerhaave's ob- 
fervations, by the power of alkali, and ac- 
tion of fire, perfeftly diflblvcd, as well as 
the alkali itfelf, which is made to flow like 
water. 

This perfeft folution, and uniform mix- 
ture of fuch various matters, may feem in- 
confident with the prevailing notion of the 
impenetrability of the primogenial particles 
of matter. But, in the firft place, favourite 
fyftems, and hypothetical notions, however 
general, muft always yield to pofitive fafts. 
Again, we know that water, mercury, and 
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.every other fluid may be fo penetrated, di- 
vided, and volatilized by heat, that the 
parts into which they are refolved efcape 
every organ of fenfe. Befides, we find by 
experience, that larger roafles of matter, and 
the hardeft of bodies, are by human contri- 
vances, and material agente, reduced to 
parts imperceptibly fmall ; fhould "wt not 
then conclude from analogy, that if thefe, 
or other caufes of divifion and difiblution 
were continued, thefe very imperceptible 
parts might be further divided and reduced 
to others indefinitely fmaller, and fo on to a 
a minutenefs beyond the limits of human 
conception ? 


The fame thing is evident from exjperi- 
ment ; for chymifts find that the oil of vege- 
tables, though fo purified by repeated diftii- 
lations, as to become tranfparent, ftill con- 
tains a portion of earth, in fo much that 
Boerhaave fays, " Repeat the diftillation ever 
** fo often, there will be no end to the con- 
" verfion of oil into earth ; fo that the 
*^ greater part of the oil is converted into a 
" pure fimple earth, for which fee Boyle 
" on tlie mutability of principles." . Now if 
oil, which is not only tranfparent itfelf, but 

Y 
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readers pap$r f»oie trairfparcB* th w will any 
oih£r fluid, coBtains fb misch earthy which is 
hy nfttuh:^ opake^ what a perfed feiutioa 
nrnft tbds eartk unckrgo, when fo attenuated 
a^ to becp{^ trapfpar^nt ? 

T^ {9^^ autl^Qr ihew< thf^i a tranfparent 
lixifQium, aiasd a fait /i^ deiiquium^ contam a 
piir<: earth, and conchidee^ thtt dsne earth 
difi:<>ydred in thofe Suids, really exifted in 
them in to htcn^ a form^ that it fia£S^red it- 
ftif t6 he perfedbly difiblvcdv For the fame 
reafon pure earth, when thus latent in a 
tra;ofparent fluid or gla&, is not only as mi- 
nutely divided as a fubtilized fluids but alfo 
as perfeftly diffolved in the fluid or alkali, 
with which it is blraded^ as are the compo- 
nent parts of th^ fluid which diflblves it. 
This thorough difiufion, and intimate union 
of aU the parts, is what we call a perfctS: fo- 
liition^ and, in every inftance, appears ne- 
ceflary for tranfpftrency. 

The example of the mixed metals has al- 
ready exhibited the power of fire in penetrat- 
ing and opening their mofl: intimate parts, 
and in thoroughly bknding them all in one 
homogeneous mafs, notwithftanding the dif- 
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parity of their fpfecific gravities ; confequfent- 
iy, in the prcTent inftance, the diflblvcd 
earth, aiid its folvent the alkali,-arc, by the 
adion of fire, fo intimately diJSblved, and fo 
cffeftually blended amongft each other, whch 
thus vitrified, as to leave no conceivable part 
or particle of this fluid vitriotis mafs uxldif- 
fdlved ; ih fo inuch that We might, with 
fome propriety, cjdl it a folid flatnt. l&or 
can any man diveftcd of prejudice, cottciciVe 
a particle of earth that remaiui^ Whoife, *nd 
retains any* original dimenfions, or that is 
lidt penetrated, in the firft place by the alkali, 
but more etfeftually attenuated and difiufed 
by the expahfive power of fire. Therefore, 
the whole mafs in its liquid fiate, as well as 
in its cold and firm ftate, is void df pores^ 
and not made up o^ feparate particles, but a 
perfeft continuum in fubftance arid texture. 
And if, in this hot liqtiid ftate, glafs does not 
tranfmit light fo copioufly as when cold and 
firm, it is owing to an intimate tremour of 
its parts caufed by heat ; as may appear from 
water and other fluids, which are rendered 
lefs trstlifparent by an agitation of their parts, 
occafioned by heat or Otherwife. 

Y 2 
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That fuch a folutlon of the different fpe- 
cies of matter, as removes every idea of 
pores, and produces a perfeft continuity of 
fubfiance, is attended with tranfparency, is 
clearly inftanced in all tranfparent fluids ; 
but the various changes of beer not only 
prove this aflcrtion, but alfo its converfe, 
to wit, that a want of folution, and of con- 
tinuity, is attended with opacity. At firft 
this liquor is a pure tranfparent wort ; after- 
wards, in the flate of fermentation with 
ycft, it becomes muddy, and therefore 
opake; when perfeftly folved and fined, it 
is again tranfparent : but, even then, if it 
were agitated and worked up in a glafs to a 
porous frothy texture, it will once more be- 
come opake. In the firft and third flate all 
its parts aire in perfed folution, and therefore 
it is tranfparent ; but not fo in the fecond 
and fourth ; for the yeft is not thoroughly 
blended with the liquor in the one, nor is 
the air intimately and evenly blended with 
it in the other. 

How feeble and dim is the folar light in a 
fog, or during cloudy weather! But when 
the extraneous matters are in thorough fo- 
lution with the air, the atmofphere is per- 
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feclly tranfparent, and the folar beam appears 
bright and ftrong. It cannot be pretended 
that the atmorphere is more porous when 
clear than when mifty, and therefore better 
adapted to admit light ; it iiiould rather be 
fuppofed more denfe when clear, as it is then 
heavieft, for it fupports in the barometer a 
greater column of mercury. The matter of 
the atmofphere is the fame in both cafes, and 
it is only the difference of texture that makes 
it perfeftly tranfparent, or inclining to opa- 
city. Chymifts, apothecaries, and in gene- 
ral all who are converfant with making mix- 
tures, could give an endlefs variety of thofe 
examples ; but one of the moft convincing 
proofs poffible, is the difference with regard 
to tranfparency between glafs in its adhefive 
ftate, and when broken and pounded to a 
powder; for, in this porous ftate, it be- 
comes quite opake, but again, when ren- 
dered a continuum, by being melted a fecond 
time, its tranfparency is reftored. 

But as this continuity of bodies is appa- 
rently inimical to the tranfmiffion of light, 
and quite fubverfive of the prefent folution 
given of tranfparency, it is neceffary to take 
into confideration the grounds of the prefent 


•\5 


342 ON LIGHT AND 

opinion, and bring both the continuity of 
tranfparent bodies and the, porous fuppofi- 
tion to the teft, by avowed principles aiid 
known fafts. In this refearch, we IhaJl fipd 
a, fufficien^t nuoiber of fa&s to reafon upon, al- 
ready ftated in Newton's Optics ; fo that our 
chief bulinefs will be to remark the juft in- 
ferences thence to be drawn, and to guajd 
againfl mifinterpretations. 

Newton defines the reflangibilky of rays of 

Kght, '^ their difpojiiion to be turned out of their 

*< vjay^ in paffing out of one tranfparent body, in- 

** to another. ^^ RefiexibilHy he defines, " their 

^' difpqfttion to be turned back into the fame me- 

** dium^ from any other medium upon whofifur^ 

^^ face they fall^^ So that refraftion, as it is 

' the tranfiniffion of light through bodies more 

or lefe oblicjuely, is analogous to tranfpa- 

rency ; and rcficdion, which is the turning 

back of light from the furface of i body, 

and not paffing through it, is analogous to 

opacity. After various experiments and ob- 

fervations relating to light and colpurs, 

(which are not pertinent to our fubjcft) this 

author comes at length to confider the caufe 

of the refleftion of light, with regard to 

which, be advances this propofition, (Optics 
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p. 237) " The qaufe rf reflexion u not the im- 
*^ pinging of light on tljefglid or impeKvious parts 
" of bodies^ as is commonly believed.^^ 

" This" (c<>»tinwos. he) " vfjiiX appetir by 
*^ the foUowing cQj^fideFatiQns, Firft, That 
'^ in the paffsge erf %lptt put of glafs into air, 
" there is a refle<5tion as ftrong as in ita paf- 
" fage out of air iato glafs, or rather a little 
" ftronger, and by many degrees ftronger 
" than in its paflagc out of glafs into water. 
" And it feems not probable that air ihould 
*^ have more llrongly reflefting parts than 
" water or glafe. But if that fliould pofSbly 
*' be fuppofed, yet it will avail nothing ; for 
" the refleftion is as ftrong or ftronger, when 
" the air is drawn away from the glafs, (fup- 
*' pofe by the air pump.") 

From this firft illuftration of his propo- 
iition We may collect, that light, tranfmitted 

by glafs, is more refleded on the other fide 
by air thaa by water, and moft of all by a 
vacuum. We agree with him, that it is not 
at all probable that air fhould have more 
fkongly refle6ting parts than water or glafs : 
but as to the immediate caufe of refleftion 
we are not as yet determined, nor fhall we 
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fay any thing about it, until that point be- 
comes the object of our confidcration ; for 
we find that thefc folid bodies refleft light, 
and, at the fame time, that glafs, though a 
folid, firm body, and water, which is a very 
denfc fluid, tranfmit light more copioufly 
than a vacuum ; we therefore only conclude, 
that denfity and firmnefs of matter are not 
fuch impediments to the paflage of light, as 
is commonly believed; for the denfity of 
water iseftcemed 800 or looo times greater 
than that of air, and is, we may fay, in- 
finitely greater than that of a pneumatic va- 
cuum ; yet the latter reflects light, and inter- 
cepts and refills its pafFage more than glafs 
or water, which, notwithftanding their den- 
fity, not only tranfmit, but apparently acce- 

lerate the motion of light, . • 

... . " . - ■■ ■ , -. 

" Secondly, If light in its paflage out of 
" glafs into air, be incident more obliquely 
** than at an angle of 40 or 41 degrees, it is 
*^ Wholly reflected j if lefs obliquely, it is in 
*^ a great meafilre tranfmitted. Now it is 
" not to be imagined' that light at one de- 
«« oree of obliquity fliould meet with pores 
^ enough in the air to tranfmit the greater 
«*= pavt of it, and at another degree of ob- 
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liquity fliould meet with nothing but parts 
to refleft it wholly ; efpccially, confidering 
that in its paffage out of air into glafs, 
how oblique foever be its incidence^ it 
finds pores enough in the glafs to tranfjotiit 
** a great part of it/' 

On this fecond illuftration, we obfervc 
with him, that it is certainly inconfiftent to 
fuppofe, that light in one diredion Jhotdd 
meet with nothing in air but folid parts to reflet : 
but ag2dn, it is equally inconfiftent to fup^ 
pofe, that in another direction it ihould 
meet with nothing but pores, by which it is 
tranfmitted ; fo that if the former inconfijT- 
tency militates againft the refle<Etion of light 
by parts, the latter militates equally againft 
its tranfiniflion by pores, which is a fuppofi- 
tion equally groundlefs with that which he 
objeds to. 

« Thirdly,'* (he fays) « If the coloux> 
^^ made by a prifm placed at the entrance of 
^ a beam of light into a darkened room, be 
fucceflively caft on a fecond priijp, placed 
at a greater diftance from the former, in 
fuch manner that they are all alike inci- 
^ dent upon it, the fecond prifm may be fo 
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^* inclined to the incident rays, that thofe 
*• wfaick are of a biue colour fball be all re- 
^* Se^ed by it, and yet thofe of a red colour 
*-* pretty copioufly tranfmittcd. Now if the 
^ r^^ion be caufed by the part& of ak or 
" glafs, I would afk, why at one obliquity of 
" incidence the blue fhould wholly impinge 
*• OH thofe parts, fo as to be all rcfleded, 
^^ and yet the red find pores enough to be in 
^ a great mea&rc Iranfmitted ?'* This cer- 
tainly i» an ttnanfwerable argument agamfc 
the refie^Oft <rf light by particles ; bi;Mr il ie 
cquaHy fercibfe againft the tranfmiffioa o# 
fight by poces : fbr, fince tke red! par dc^ 
oi? light arc, 3«^ordiBg to Newton, the largoft, 
we may witdtjuftice 2K(k, if the porea of txwh 
parent 1»odiQ& are fvfipbfed tl> be the onl^y 
paff^ge'for li^, h,o^ the laBg^ft particl^fr 
gain a paffage thffcw^h porea that wiUr Bot a,^ 
mit.the fmaller, for the blue do not. pais, but 
are reflefted ? And fince we learn, from his 
€X®eriiile»ts,ti»at a v;KU¥in>sefl^« xnorc than 
jfolid bodies, ftofold w* w>t ftiU c^nfcluder 
that A^ fott4 9dm a4nwt the trasUpaiiJifMi o£ 
jight xpOT© than pores ? 

But this, point may receive ftill greater il> 
luftration from fpme fads ftated in the con- 
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firmation of his firft propofition. He tells 
us, thea from obfervation, (p. 221) " that.ia 
*' the cpafijie of air and glais, the rcfl?(Skioa 
" is ftronger than in the confine of glafe sipd 
" water. If Tvater be diftingui£h^d by apy 
^* imaginary furfajce, the refleftioq ia th^ 
" confine of tliefe t;wo parts is none at all. — 
*« In the confine of two glaffe§ of eqwaJ den« 
*' fity, there is not any fenfible r^%<9tiou.* ■ 
Whence he concludes, " fp then the ij^afim 
" why unifornj, pellucid mediums, (Ijicht a$ 
" water, glafs, or chryftal) have n,Q fejifiblfi 
" refleftion but m their external fuj^erficiefli, 
** where they are adjaicent to other medi^io^ 
" of a different denfity, i?, becaufe all theiy 
" contiguous parts have one and and the 
" fame degree of denfi,ty." Here w^ have 
a former obfervation. verified^ to wit, that tlig 

« 

d^nfer mediums are beft ada^t^d tp tranl^QQult 
light, and refleft it leaft. Morepyex;, w,^ 
find diat there is no refleftion, but a total 
tranfmiflion, when all the cmtiguous parts have 
one and the fame degree of denjtty. But, whso 
all contiguous 'p<irts of a medium haye QM 
tmd the fame degree of denfity, is. it ^pt 
fomething like a continuum of fubilance ? 
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This is confirmed by his fecond propofi- 
tion, to wit, " The leajl parts of all natural bo- 
*^ dies are infome meafure tr an/parent : and the 
^^ opacity ofthofe bodies artfeth from the multitude 
*' of refieHions caufed in their internal parts ^^ 
u €. by the pores that fubfift in their inter- 
nal parts; for, by the laft propofition, if 
thefe parts were immediately contiguous, be- 
ing of the fame denfity, there would be no 
refledion ; therefore the multitude of reflec- 
tions proceed from the multitude of void 
ipaces between thofe parts, that is, the mul- 
titude of pores : confequently, opacity, which 
arifeth from thofe reflexions, is occafioned 
])y pores. 

Again, thofe ledjl parts of natural bodies 
muft be fuppofed to be the primary particles of 
matter^ which the fame author holds to be 
fqlid and impenetrable^ therefore void of pores. 
Thus we fee tranfparency attend continuity, 
as we have jufl; feen opacity produced by 
pores. From the preceding obfervations, 
Newton then coPefts his third propofition, 
which is as follows, ** Between the parts of 
*' opake and coloured bodies are many fpaces^ 
f* either empty ^ or replenifhed with mediums of 
f^ other denJitiesJ'^ This propofition is an im- 
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mediate confequence of the laft ; for having 
proved before that opacity arifes from pores, 
it is juft to conclude, from the opacity of 
many bodies, that they are porous, or have 
empty fpaces between their parts. How- 
ever, as the illuftration the author gives of 
it confirms all the preceding obfervations, 
and throws great light upon the prefent 
queftion, we fhall infert it, notwithfianding 
the length of tfie quotation. 

" The truth of this'* (the above proposi- 
tion) " is evinced by the two precedent pro- 
" pofitions : for, by the fecond propofition, 
there arc many rcfleftions made by the in- 
ternal parts of bodies, which, by the firft 
'' propofition would not happen, if the parts 
*' of thofe bodies were continued without 
*' any fuch interfticeis between them ; be- 
*' caufe refledtions are caufcd only in fupcr- 
" ficies which intercede mediums of a dif- 
" ferent denfity, by propofition the firft. 
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But farther, that this difcontinuity of 
parts is the principal caufe of the opa- 
city of bodies, will appear, by confider- 
ing, that opake fubftanccs become trapfpa- 
rent by filling their pore^ with any fub- 
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"ft^ncc of eq^sd, or almoft equd denfity 
•*'With their parts. Thus paper dipped in 
" w^tttJr tfr oil, the octdus nundi ftone ftecped 
** in Water, Hntn doth oiled xyv varnifhed, 
^ and many odier fubftatices foaked ift fuch 
** Kquors as "will pervade their little pores, 
" becdtfie by that niieans more tranfparent 
" than other^ife. So, on the contrary, the 
tnoft tranfparent fubftances may, by evk- 
cuating their ptnres, or feparating their 
parts, be rendered fufficiently opake; as 
falts, or wet papfer, or the oculus mundi 
** ftone by being drieil, horn by b^ing fcrap- 
** ed, glafs by being reduced to powder, or 
" othefvxrife flawed, turpentine by being ftir- 
" red abottt ^rith water, till thfey mii imper- 
^* fe^Hy, and water by being formed into 
"many fmail bubbles, either alone in the 
^ form of froth, cit by ihaking it together 
" with oil of turpentine, or oil of olive, or 
** fdme other convenient liquor with which 
it w31 not incorporate. And to the in- 
creafe of the opacity of all thefe bodies, it 
** conduces fomething, that, by the twenty- 
^^ third obfervation, the rcfteftidn of very 
" thin tranfparcnit fubftances, are confidera- 
** b!y ftronger than thofe made by the fame 
^ fubftances of a greater thicknels.^* 
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After fuch iimnerous experiments, and 

fuch forcible argumesits to prove th^ die £> 

Iki HKttter of traafparem; bodies i&duces th^ 

refradioH and tranfmifSon of light, as iBtoch 

a« vacuities or a want of matter does reflec* 

tion and opacity ; who would eicpe& to 

hear the fame author in the next page aifert^ 

that *^ "water y S^^fe^ falU &c, upon divers con^ 

ftderaii9ns>^^ (which he does not mention) 

feem to be as full of pores or iriterjiices between 

their parts as mother bodies are; but yet their 

parts and interjiices^ to be toofmall to caufe re^ 

fledion in their common furfaces ?'* All the 

grounds we can^find in his works for this 

opinion, except mere hypothecs, are as fol* 

lows ; and perhaps the reafons he adduces^ 

when duly examined, will not appear more 

fatisfaftory than the hypothefis is grounded. 

* " And hence we may underftand, that 
" bodies are much more rare and porous 
** than is commonly ^JbelievecL Water is 
** nineteen times lighter, and, by confe- 

quenoe, nineteen times rarer than gold ; 

and gold is fo rare, as very readily, and 
^' without the leaft oppoiition, to tranfinit 

* See OptiGt, pft^ »4'. 
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the magnetic effluvia, and eaiily to admit 
quicklilver into its pores, and to let water 
pais through it. For a concave fphere of 
gold, filled with water, and foldered up, 
has, upon preffing the fphere with great 
•* force, let the water fqueeze throught it, 
^^ and ftand all over its outiide, in niulti- 
*^ tudes of fmall drops like dew, without 
" burfting or cracking the body of the gold ; 
•* from all which we may conclude, that gold 
has more pores than folid parts, and, by 
confequence, that water has above forty 
times more pores than parts : and he that 
** fliall find out an hypothefis by which wa- 
** ter may be fo rare, and yet not be capable 
** of compreffion by force, may doubtlefs, 
*"* by the fame hypothefis, make gold and 
*' water, and all other bodies as much rarer 
*^ as he pleafes, fo that light may find a 
^* ready paffage through tranfparent fub- 
" fiances." 


cc 
cc 
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This Angular paragraph deferves the clofeft 
attention. To fay that water fhould be nine- 
teen times more porous than the gold, which 
in the experiment he mentions it fqueezes 
through, is perfedly inconfifient ; for gold, 
by hammering or compreffion, may be re- 
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duced to a fmallcr volume, and is pervaded 
by water, which are evident proofs of its 
porofity. But water, from this experiment^ 
is faid to be incomprefiible by any force, 
which is a proof that it contains no pores ot 
empty fpaces -, for it is dlowed to be a flui4 
whofe parts are eafily moved amongft each 
other, and yield to every force ; if then 
it contained pores or vacuities, it could not 
be incompreffible, becaufe the folid parts^ 
being violently prefled, woidd enter into 
thofe vacuities, whidi would contrad: its di- 
menfions, and kflen its vcdume. However 
it retains its dimenfions under that prefliu'e^ 
and rather than Ic&n its volume, will force 
a paflage through gold. Does not this ihew, 
not only that gold is more porous than it, 
but alfo that it is void of pores, that is, a 
a continuum of fubftance ; on which accoi^t, 
accordiiig to our reafonings on Newton's 
own experiments and obfervations, it fhould 
be tranfparent f 

Neither do we fee how he is authwised to 
conclude from the experiment, that gold has 
more pores than folid parts ; for the pafifages 
which \^ater has to run through a fieve are 
lefs than the folid parts, and yet the fluid 
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paffes freely ; on the contrary, the gf eat . 
force neceffary to make the water fqlieeie 
through gold, fliould be a proof that the 
pores of gold are far lefs than the folid parts ; 
which may alfo be collected from its extreme 
dudility. But what is moft ftrange is, that 
this great man, who eftabliflies a rule againft 
hypothefes when oppofed to arguments 
founded on indudion, ihould admit of an 
hypothefis for the tranfmiffion of light by 
pores through pellucid bodies, after fo many 
experiments and arguments Ihewing pores to 
be a caufe of refleftion, and therefore an im- 
pediment to the tranfmiffion of light, and 
even acknowledged by himfelf to be the 
caufe of opacity. To fay that man fhould 
by any hypothefis make water, or any 
other body more porous than it really is, 
without fome adual operation to change its 
context, is perfedly unphyfical. Indeed any 
liquid may be rendered very porous, by be- 
ing raifed to a fi*oth ; but it mufl be remark^ 
cd, that they are thereby rendered opake j 
other bodies alfo may be rendered lefs po- 
rous, a8 paper by being moiftened, or metals 
by being hammered, but this change dimi- 
liilhes their opacity, as appears by gold leaf- 
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Nevertheless, Newton not only gives anjr 
man leave to make all bodies a$ porous as h6 
pleafes, but is himfelf the firft to make ufe of 
this extraordinary privilege. His hypothelis 
is thus (Optics p. 243) ** If we conceive the 
*^ particles of bodies to te fo difpofed aniongft 
" themfelves, that the intervals or empty 
fpace^ between them iriay be equal iii mag« 
nitude to them all; and that thefe par- 
tides may be compofed bf dther particles 
much fmaller, which havei as mtich empty 
fpace between them, as equals all the mag- 
^^ nitudes of thofe fmallei* particles: and that 
^^ in like manner thefe fmaller particles are 
** again compofed of others much fmaUer/^ 
&c. " and fo on perpetually till you come' 
" to folid particles, fuch as have no poreis or 
*' empty fpaces within them," &c. 
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However ideal and arbitrary this hypothe- 
cs be, it might be overlooked as a loofe 
'thought of that great man, if it was not re- 
vered by his followers, and propofed to the 
world as a real and philofophical foundation 
for a tenet, which -our fenfes contradict, and 
our reafon difavows ; . I mean the poroufnefe 
of glafs. By this ingenious hypothefis a 
fchoolboy, who knows arithmetic enough to 
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extend a ferie^, may fport with the works • 
of Ommpotencq, and Br. Keil, ai^d Mr Mar- 
tin wiU'.pnt all the niatter of the univerfe 
into a lady's thimble;* nay thcfe authors, on 
Ifke, gro^nnds, might have gone farther, and 
made it all fit in the eye of a oambrick needle ; 
for tDempcritus declares, that no man ever 
.fi^w.or can fee the atoms of matter. We have 
only then to form an hypothefi?, and fup- 
ppfe them to be mathematical points ; and 
then, as all fuch points that can be conceived 
by the mind of man make no more than a ma- 
thematical point, therefore all the atoms in 
the univerfe, wiU makebut one, and readily 
^nter into the eye of a needle. 

Befidcs this aWwdity, the dividipg and 
fubdividing portides at pleafure, is quite 
contrary to the Newtonian principles j for the 
primary particles of body, though tranfpa- 
Tcnt, arc impenetrable and pordelsj they 
are alfo of a determined magnitude, accord- 
ing to the fame philofophy, and therefore 
cannot be reduced to every degree of exi- 
jrtiity, wWch the imagination of a mathe- 
matician may fuggeft. This we may infer 

• SwfccondVrfnmeof Plulofopbi* Brttunic* m» Li^t, ptge 
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from Mr. Murtin, (vol. i, p. 8) where he 
tells us that ^^ figurability is as neceflary to 
matter, as folidity or extenlion. On this 
property fevcral things of iHothent de- 
pend. Thus, according to the feveral 
figures of the corpufcles, they will totich 
by a greater or leffer quantity of furface, 
** and fo will cohere more or lefs firmly to- 
** gether ; from heiice will arifc various qua- 
^^ lities of bodies, which are the foundation 
^^ ofmoftof the confiderable phaenomena of 
" nature." But that the particles of matter 
are not fuppofed to be injiniteJJimaUy nor fubjeA 
to this arbitrary reduftion, appears more clear- 
ly from Newton's own opinions. For although 
the particles of light be always fuppofed 
fmaller than the coipufcles of any other mat- 
ter, he pronounces the rays of light to be 
*< fxnall bodies of different magnitudes," and 
is of opinion (Opt. 29th query) « that the un- 
" ufual refraftionof ifland chryftal is perform- 
" edby fome attraftive virtue lodged in certain 
Jides both of the rays, and of the particles 

m 

of the chryftal. — ^I do not fay this virtue is 
^^ magnetical, it feems to be of another kind; 
" I only fay, that whatever it be, it is dif- 
" ficult to conceive that the rays of light, un- 
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1?' lefs they be bodies** (we might fay of a fen» 
fible magnitude) " can have a permanent 
*' virtue in two of their fides, which is not 
** in their other fides, and this without any 
regard to their pofition, or to the fpace or 
medium through which they pafs/' Again, 
according to the fame author, matter is 
formed of " foUd^ ^^> hardy impenetrable 
particles, incomparably harder than any 
porous bodies compofed of them, even fp 
*' very hard as never to break or wear in 
** pieces J* confequently, they are neither po- 
rous, nor refolvable into fmaller particles, 
though of fuch a fize as to have different vir- 
tues on different fides, and to be of fuch im- 
portance, as by their different figures to pro- 
duce mofl of the confiderable phaengmcn^ of 
nature. If fo, ho\y^ can this porous hypothe- 
fis be admitted ? Befides, thefe particles not 
being refolvable into others fmaller than 
themfelves, are certainly the leafl parts of 
natural bodies ; but the ledjl parts of almojl 
all natural bodies yhy the:fecond propofi- 
tion of Newton's fecoxid book of Optics, are 
tranfparent ; if then, pbrelefs particles may 

. be thus tranfparent, where is the neceflitY 

for a porous hypothefis ? . . ; 
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From thefe confiderations, and the other 
obfervations and arguments ftated through- 
out this feftion, it appears, that the doc- 
trine of light's tranfmiflion by pores, is in- 
tirely fuppofititious, and inadequate to ex- 
plain the phaenomena ; it may alfo be col- 
lecled, that the hypothefis of pores in tranf- 
parent bodies, is equally groundlefs. But 
to be fully fatisfied with regard to thefe two 
points, we have only to fufpend a folid globe 
of pure glafs in the fun-beam, or day-light. 
Turn this globe from fide to fide, it will tranf- 
mit the light in every pofition ; now Newton 
tells us (Optics, p. 243) that " the rays of 
light, whether they be very fmail bodies 
projected, or only mofwn or /brce propa- 
gated, are moved in right lines ; and 
whenever a ray of light is by any obftacle 
*^ turned out of its reftilinear way, it will 
** never return into the famjc reftilinear way, 
** unlefs perhaps by very great accident/' 
If then light was tranfmitted by pores, there 
ihould be lines of pores through this glafs 
in every pofiible direction, without the in- 
terpofition of any folid particles ; for, ac- 
cording to this opinion, if the lines of pores 
were in any diredion interrupted by folid 
parts, the rays of light could not be tranC* 
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ted by them, nor could the fphere be tranfpa* 
rent in that diredion. Now is it conforma^ 
ble to reafon to fuppofe, that without any con*- 
trivance to forin or regulate its pores, this 
folid mafs \& perfectly and redilineallj perforata 
ed, not in one diredion only, nor in ten, but 
in every direction and poiition that poflibly 
can be given to it ? And if this total perfora- 
tion was admitted in a fubftance, in which no 
experiment has ever realized a pore, would 
it not follow that the globe of glafs is in eve- 
ry part an empty fpace, a perfedi: void ? 

Another obvious method of bringing this 
point to the teft, is by a convex lens. With 
this glafs, any objeft or number of objefts, 
even all thofe of a landfcape, may be per- 
feftly delineated in a camera obfcura. And 
a pifture thchce taken being placed in an op- 
tical inftrument, and viewed through the 
convex leiis, will prefent a moft accurate 
and natural reprefentation of the objefts fo 
depifted/ Now if the light radiating from 
thofe objects, oqly found a paflage through 
the pores of the lens, this perfect reprefenta^ 
tion would be impoffible ; tccaufe lines of 
pores could not be fuppofed fo exaftly placed 
|)efQre all the points pf f^veral objcfts witH 
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fuch parallelifm and inclination, as fliould 
anfwer to all the diredions of the pervading 
rays of light, fo that all thefc objcds fliould 
be juftly and pcrfedly depiftcd. For if the 
light coming from any point or part of the 
obje^ was either intercepted or mifguidcd to 
improper places in the pifture, the rcprefen- 
tation would be diflorted, deformed, and con- 
fequently moft imperfcd. But we find by 
experiment, that all well-formed and well- 
poliflied lenfes, render in thar foci perfcft 
images of the objcfts they are prefentcd to, 
except there happen to be in the glafs a 
crack, a^eck, or a flaw, which are always 
found to flop, mifguide, or refraft ^he light, 
fo as to render tjie image diftorted and im- 
perfed. Confequcntly, if there were a great 
number of cracks or fpecks in the lens, the 
image fliould be monftroufly deformed and 
obfcured. Now the cracks reprefent pores, 
and the fpecks arife from undiiSblved, and 
confequently porous parts j have wc ^ot 
therefore, by this caricature of the objcft, 
jm experimental proof of what the confe- 
quenoc fliould be, were the glafs made up o^ 
jpores and particles ? * ' 
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SECTION III. 


Dcnfity favourable to the Cpmmunication of 
Heat ; the fame Thing obferved of Light. 
Qualities require Subftances. The Lumi- 
nous Subftance in tranfparent Bodies, re- 
vived toHhe Quality of the Light they are 
^nmerfed in. 


HAVIJTG in" the two preceding Seftions 
gat}iere4 from the nature of light, from the 
texture of franfparent bodies, and from the 
phsenomcna of tranfparency, the inconfif- 
tcncy of the prefent folution of that proper- 
ty, and having weakened thofe prejudices, 
which might bias or mifguide us in the pur- 
fuit of truth, we are now qualified to enter 
upon a direfl: invcftigation of that defideratum. 
Fpr this purpofe, it occurs that the commu- 
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pication of heat might be an ufeful confi- 
deration; for we havd always obferved 
throughout this work, that heat and light 
are properties of the fame fubftance, and 
generally concomitants ; moreover, accord- 
ing to our philofophical theory, qualities can- 
not fubfift without their fupporting fub- 
fiances. In whatever manner then the fub- 
ftance of fire or light ads, in order to com- 
municate heat through bodies, it is probable 
the fame 'fubftance may, by fimilar means, 
effeft the communication of light : for na- 
ture is fimple in all her operations, and a ma- 
terial fubftance, though it may produce va- 
rious effeds, has but one propcnfity and 
mode of operation. 

If a Bar of any kind of metal be fet up- 
right with one end in the fire, the heat will 
foon be propagated through the fubftance of 
the folid metal to the other end, and will 
there become far more fenfible than in th<^ 
adjacent air, even fo fenfible, as to burn a 
perfon who ihould apply his hand to it. 
Again, if another piece of metal be held in 
contad with this hot bar, it will partake of 
its heat ; whereas, if it be held at a fmall dif- 
tance from it, fuppofe an inch, it will not be 
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fenfibly heated, no more than the air that oc- 
cupies Ae Ihtermediatc fpace ; but if a more 
denfe medium, as water, intervene, fo as to 
touch both, it fhall in time, not only con- 
ceive heat itfelf from the hot bar, but flrall 
communicate heat to the lecond, fo as to 
become a condudor between both. Thus we 
fee, that denfe and folid bodies are more ac- 
cumulative and tenacious of heat, than rarer 
bodies, and that rare mediums, and vacant 
fpaces, intercept heat, and do not conceive 
it, but might feem to refled it, while denfe 
Bodies condiid and communicate it ; whence 

it may be inferred, that the tranfpofition of 
heat is not effeded by a tranfition of the 
burning matter, or a penetration of it through 
the bar, for fuch penetration would be the 
more eafy, according as the fubftance was 
rare, but by a propagation of the quality 
through its own proper fubftance, when ex- 
cited. 

To give an inftance more (biking and fa- 
miliar, if a large metal pot be fet empty on 
the fire, in fome time the fides and bottom will 
become too hot for the hand to endure, 
while the air it contains will not conceive 
more than a fenfible heat. But if it be filled 
with water, that more denfe fluid will in fome 
time acquire an heat not inferior to that of 
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tbe metal, and be oapaUe of communicating 
it to any other denfe body, ^partly immeried 
in the water. This agrees with what we 
have juft obferved, and with Sir Ifeac New- 
ton's remairks on the tranfiniffion of light, to 
wit, " that in the paffage of light out4)fglafs 
** into air J there is a rejleiiian as Jirmg or 
^^ Jironger than in itspaffrnge out ofmr into^glqfs^ 
*' and by many degrees Jironger than in its fqf- 
^^fage out rf glafs into water ^ and that there- 
^^JieSlion isftronger'* (out of glafs into a va- 
cuum,) " when the air is drawn away hy the 
** air-pump:^ Thus we fee that a very rare 
medium, as air, has the lame effeA on both 
heat and light. It does not admit, but ftpps^ 
intercepts, and feeujs to refleft both, for all 
which, a vacuum is ftill more remarkable. 
Newton, in bis propofitions, imputes this to 
a power of refleftion in the rare medium ; 
yet fome of his followers fay it is by an at- 
traftion of the denfer body, which prevents 
the light from prafling through ; and may 
they not £ay the fame thiag of heat ? I would 
rather fay, conformably to the phyfical prin- 
ciples laid down, that as qualities require fup- 
porting fubftances, without which they can- 
not fubfift, heat and light cannot fubfift ex- 
cept in their fupporting fubftances j fo wherp 
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this is deficient they will be weak, and where 
this is ablenty they will not exift. This con- 
dufion is the more reafonable in a fyftem into 
which imaginary powers are not to be ad- 
mitted. The idea of reflection correfponds 
with that of refiftance, which is the eflFeQ of 
body or matter, wherefore it is impoflible 
that refleftion fhould be greateft, where body 
or matter is leaft ; therefore a vacuum can 
neither refleA heat or light, nor ihould it 
however tranfmit or communicate them, for 
want of a vehicle, /. e. the fupporting fub- 
fianCe on which thefe qualities depend; 
whence it appears that porous bodies fliould 
not be fo adapted for heat or tranfparency, 
as thofe that are denfe. 

As to attraftion, we fhould not reft much 
upon it in the explanation of a phaenome- 
non, until we are better acquainted with its 
caufe; but admitting it, according to the idea 
we can form of it, to be in every body, it 
feems that it fliould not fuffer to pafe through 
or recede from a body any thing, which it 
was capable of drawing into it : now light 
feems to pais through and recede from the 
moft denfc of all diaphanous bodies, as dia- 
mond and glafs. Befides, the attraftive power 
of a body fliould be the fame, or nearly fo> 
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1^ all pofitions ; however, if light in its paf- 
fege out of glafs into air, be incident more 
obliquely than at an angle of 40 or 41 degre<:s» 
it is wholly reflefted ; if lefs obliquely, it is 
in a great meafure tranfmitted. And New- 
ton throughout thefe- experiments, rather 
choofes to fay, the rarer medium refleds, 
than that the more denfe attrads : but the 
true interpretation feems to be, that the moft 
denfe bodies, containing prpper matter to con- 
ceive and fuftain heat and Ught, are the beft 
condudors for both. 


. This is again confirmed by his firft obfer- 

vation, (fecond book of his Optics) " Com- 

' preffing two prifms hard together, that 

* their fides, (which by chance were a little 

* convex) might fomewhere touch one anb- 
' ther, I found the place in which they touch- 
' ed, to become abfolutcly tranfparent, as 
' if they had there been one continued piece 

* of glafs. For when light fell fo obliquely 
' on the air, which in the other places was 

* between them, as to be refleiled^ it'feemed 

* in that place of contad, to be wholly tranf- 
^ mitted, in fo much, that when locked up- 
^ on, it appeared like a dark or black fpot, 
^ by reafon that little or no fenfible light was^ 
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"refledod from thence j and through thfe 
** Ipot, objeds that were beyond might be 
«* ieen diftinajy, which could not at >11 be 
** fcen dirou^ other parts of Ae glafies^ 
** when At air was inteijacent." Thus we 
find again, tliat where denfe bodies touch, 
the quodity of light, as wdl as that of heat, 
IB traA&utted and props^tcd from one to 
tibe other, but that it is intercepted when i 
TKOum, or a very rare medmm as air inter- 
venes: cenfequentiy, fince denife matter is 
beft qualified for propagating and tranfmit- 
ting thcfe two qualities of the fun, and a va- 
cuum is wholly unqualified for the propaga- 
tion of either, we might almoft pronounCiC 
from experiment, that the fpace between 
the fun and planets is not a vacuum. 

We have in the fourth Lefture refolved 
body by the power of fire into its elementary 
parts, to wit, fait, virgin earth or inert mat- 
ter, and light, which laft is the chief compo- 
nent of the daftic matter, or bafis of air, and 
makes up a confiderable part in the compo- 
fition of bodies. Thcfe elementary matters 
enter into the compofition of all kinds of 
body, whether vegetable, animal, or fofiil; 
whence we have ihewn, that they are the ac- 
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tretions of all bodies, and the fource of their 
growth, weight, and magnitude ; wherefore 
not only earth and air, but light alfo becomes 
a concrete in the tnoft minute rudiments and 
intimate Jiamina of e^ery body* The powers 
and qualities found in bodies depend oit 
the nature arid quantity of their peculisur 
principle, and the quantity or fbength of 
the powers in any body, peculiar to a Cer- 
tain principle, muft be in proportion to the 
quantity, which the body contains, of the fub- 
fiance of that principle : thus when levity^ 
vivacity, and expanfive vigour predominate 
in a body, whether folid or fluid, the expan- 
five principle or bafis of light and heat mu£b 
be the chief ingredient of that body, as, for 
inftance, in fpirits and unctuous matters. 
On the other hand, where denfity, cohefion> 
and weight predominate, the coercive mat-*' 
ter muft be a chief part in the compofition of 
the body, for example, in metals, ftones» 
falts, &c. whofe fires are thereby firmly com-^ 
paded: and where neither predominate to 
a degree proportioned to the magnitude of 
Ae body, there the inert matter mufi: 
abound. Thus indications are obtained of. 
tihc chief principles of each body, that is ia^ 
approach to cither extreme, or in other iit- 

A a 
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alio ^Here tkefe prindptes at« ibcire equ^ 
iocDrporated ; fo tktt by ikak penetrating 

'i«fc) die pptticiptes <5f tody, wi? i«Sy cfeter- 
noMj iwt only the real tStne^ of the cte- 
flfcnbry matters, birf evc» ol cie^petttld bc^ 

didsi. iK^0& nonxiiid' d&nte ofily h^ beeii 
hitb^o confideved, the real having; been 
fiippofed ' uBa^taiiiable; 

Tlhe^ tmthf of the abi^wr ^061*7 16 crdacltt^ 
aHy catpeireirced in chytiiill^, phziiA^c% dy- 
iHg; sTfid iii' all this arts of codijkmnding^ arid 
decompotikidihgnAfat^ers; Allt it is particti- 
larly! eoEeiuidified in the ufe' of toodiiirg-. 
needles, wherdiy the proportidii of diffenefit 
metals < in a^ compound; is detemiined: by the 
profioitioi^^ of the fame mbtsls in the n^edl^, 
with whidi itis^fbund to agree omthe touch* 
fione^ Vintners likewife, and perfons wcH 
^pquainted with the tiiftes of different wine^ 
fonietknesarriTe td fuch a degree of fldUj as' 
tabe able to aArertain the quat>lity and'kifids 
of natural<^wine$^. whereof an artificial wine 
b made up; but it is not to be expeAed that 
a perfon who is not an adcurate judge of the 
fimples in this, or any other branch, win 
be capable of fuch difcenunent^ 
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But we mall how afliime an ihftknice niord 
generally fcnowh ind deciinrc, to wit, a fcevc- 
rage compofed of water, fpiriti fiS^ar^ a53 
acid, cotnmonly called punch. ThS ti^or 
is ^eneralfy made in tlie^refencc,of ju<l^esV 
who before it is ^ahk, examine it mator^j^^ 
by three feniible organs, to witj thofe ot 
feeing, fmelling, and taftin^, of which the 
lafe is the clilcf tcft. lEach giyefs his opimoii 
candidly, ylthout deceif oir ^eferaint ; ^ it 
be found too aacf, all agree that it has gcSt 
the lemon juice in too high a proportion for 
tfie other ing;rcdients, of wliicfi thcirelbrc 'i 
proper qilaiitity miift be Tii^Jplicd ; if, on die 
ot^er haiiq, It be found tob Tweet, they a&rel? 
that too inucK fugar wiaspiit in ; if too ffir6S|; 
or too weak, they agree that the Ipint or 
waler Kits exceeded the jutt pirbborfibni and 
the other ingredients are fubpSied actorc&n j^' 
in proper quantities, until the liquor be 
brought to the itrbe ftandJfrdi Nbw ffifice ' 
nothing IS examined more freely^and impar- 
ti41iv, there cannot be a more faii^ experi- 
mental j^roof of the tliiSi' 6f our* tfceo?y;, tly 
vKi\ that eacF power or cflencc' has its fup- 
poryngnibftahcle, and tKat tliFpfiwer oi" o^i^^ 
UCf aaiftEto^dri tie^rSif cffiiface,^^ in pt'5: ^ 
portion to the quanuty of its pciuuar fub^.- 

A a a 


372 ON LIGHT AND . 

ftance. It is evideiit that thefe quaUties blend 
with each other, as do their fupporting fub' 
fiances^ and that if in this liquor there was 
a fenfible interftice, or fpace without any 
fubftance, that fpace ihould alfo be void of 
quatitiesy through a want of a fupporting 
ifubftance* 

Now fincc all bodies are impregnated witfc 

the fubftance of fire or light, and fince the lu- 

• • * • • 

nunoUs fpecies is irritable by heat, and exat- 

cd by action to operate according to its ef- 
fenfe, viz* to expand and enlarge its dimen- 
fions; therefore every part or particle of mat- 
ter, wherein it is a concrete, Ihould alfo ex- 
pand or be enlarged by heat. And hence the 
dimenfions of all bodies whether firm or fluid 
are enlarged by heat : by the continuance of 
heat, the fmalleft and moft intimate parts of 
the firm^fl metals are diflblved, and thofe of 
di&rent sdetals intimately blended. Hence 
flint, fteel, and other hard bodies, emit lire 
by collifion $ and from an irritation of their 
conftituent fires, firm bodies become hot 
by fridion, metals by hammtering, &c. From 
this fiery concrete in body alfo, the heat 

acquired by a bar bf iiletal at one end is com- 
muoicated to the othei: by its own proper fpe- 


TRANSPARENCY. 373 

cies, without any change of place in any one 
part or particle thereof, or any tranfiK)ii- 
tion of the fiery matter that excites it; It 
is the fame concrete in wood and fiiel, .iirhen 
excited and fanned with air, that born^ fpch 
inflammable bodies to a coal, and that begets 
the fcintillating fparks, which run through 
the black coal of paper and thin bodies, as 
it were, to devour their intimate Jiamind^ 
whereby every fuch body is tdtimately dif- 
jfolved, and its elementary matters are fepa- 
;raled and detached, except the inert mat- 
;tet and concrete fait, which ftill remaiA 
^lended together. 

Hence, as Boerhaave remarks, there is not 
^ body or place in nature void of this fiery 
ipecies, whofe eflence and infeparable. pro« 
perty is expanfion ^ for doubtlefi it muft be 
in all bodies which abforb the folar lights an4 
in all fpace through which he effufes his fpe- 
cies ; but in as much as it becomes a concrete 
in every body, we cannot admit with him 
that it is extraneous thereto^ and only ^' lodged 
*^ in vacuo J or in tbeirfons^ as in vejfets where it 


r ^ 


** is frequently a^itated^ and always in a(Hon.** 

' ' ... ' ■ ' , ■ ■ ^ 

Now as effences are as their fubftances, and 
the powers and qualities of a compound body 
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are as the natures and quantities of its elo-, 
mentary fubfianccs, it follows, that as bo* 
. dies incorporate more or lefs of the folar fpe- 
d&, iii refpeA to 'thdr' other matters, they 
are more'or' lefs volatile and inflammable, or 
more or left' rare, which, of courfe, qcca-: 
fioiisa diminution of their fpeciBc gravity. 

Again, if the adhefive matter be the fource 
of gravity in body. It fliaJl alfo ifoUdw, that 
as a'b'ody contains more or le^ of this con- 
ccntfatihg matter,' in refpc<Et to its 6ther ele- 
Tianfarieij it ffiiafl be" more or lefe firrri,' ttfna- 
ciousi and more'or lels heavy ; aiid, of con- 
fcquence, metals which are the heavieft and 
firmefi of all tbodies,' will contain this con- 
centrating matter in a' gteal^ proportion to 
their other ihatters, than'any other'kind of 


^s is To firmly bound 
t, as to require a g^eat 
ify and^fufc them. Iliis 
the innate expanfion of 
entin the moii|, intimate 
ance j wherefore a pro- 
: is lieceffary to give this 
ir and e&panfion to con- 
quer theircohefion in fuch a manner, as to caiifc 
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an cbullitu)!! of their parts. For, on account 
of this adhe£ve principle^ the more denfe and 

*heavy a bodyisi and the more any fluM is 
prefTed^ the more heat is neceffary to make it 
IxhI. Thus the more heavy due atmofphctc, 
the more h^atJ is. neceffary to make water boi!j 
this is difeovered by means of tire thermo- 
meter; on the other hand, the Kghtcr the at- 
mofphere, the lefs heat is neceffary, fo that a 
fmail degree of heat makes warer boU under 
an exhaufted receiver. However, other K- 
quids, though not fo heavy, may, from a 
greater degree of tenacity, require a grcategf 
degree of heat to caufe an ebullition. Thus 
oils require a greater heat than water, to 
make them boil. It is alfo the great quan- 
tity of the faline or concentrating principle, 
which enters into the compolition of glais, 
that binds down the fiery principle in it fo 
effectually, as to be capable of a moft intenfe 

* heat, and of tranfparency, when qualified for 
that property by a continuity of fubftance. 

From the nature of this concentrating mat- 
ter, and the quantities of it bodies contain^ 
the experiments mentioned are obvioufly ex- 
plained ; for heat in bodies being an irritation 
of their own native fires, it follows, that the 
denfcr the matters, the ftrpnger. Ihoul.d he the 
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beat, the nearer the touching bodies are to aQ[ 
equality of denfity , the more equal the pro-^ 
pagation of heat through them, and the more 
different they are in dcnfity, the more une- 
qual the propagation of heat and the more 
interrupted its tranfmiffion j a rare mediu?! 
a)\irays interrupting its prpgrefs, and a va- 
cuum entirely ftopping it, fo as to feem to 
refle6^ it or rea£t againft it : foif, being void 
of fubftance, it fliould be void of heat, light, 
and of all other qualities ; whereas the reverie 
Ihould happen, if heat paffed thrpugh bpdie^, 
as light is cpinmonly fuppofcd to do. . ./ ic . 

» 

All tl^s has the ftrideft conformity witjli 
what Newton hath coUoded from , his expi0« 
riments on the tranfo^iffipn of light by tranf- 
parent bodies ; this tranfmiiljLon was inter- 
rupted by the rare medium of air, ftopt by a 
vacuum, wd ^fllfted by water ; but fufFcre.d 
no interruption when the fanie Ifind.of dia^ 
phanous bodies were in contaft, jio ippie 
than if they were the continued fubllance of 
one and the fame body pf that fpecies. . He 
feund that in tranlparent. bodies, the.dender 
they are, the more they refraft light, and 
the fwifter they tranfmit it ; whereas the 
more i^Tc ■■■"■- ^ -^ -' '"^ L e. tranfmit it 
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leaft i md that a vacuum caufes total reflec- 
tion, I. e. tranfmits little or none at all. As 
a ferther refemblance, it hath been obfovcd, 
that the refraftions or trarifiniffions of light 
were more alike, where the touching bodies 
were neareft to equality in denfity ; and where 
the denfiti^s di£fered moft^ fo did the powers 
pf rcfradting; that in denfer mediums re- 
fraction increafed to a perfeA tranfparency, 
or total tranfmif&on ; whereas the refledive 
power increafed with the rarity of the me- 
dium, fo that tranfparent mediums being 
rendered porous, become opake. (See the 
llluftrations of his i ft, 3d, and 8th Propofi^p 
jtions, B. II. Opt.) From all this we have sd*, 
ready concluded, that opacity of body at- 
tends its pordfity, and tranfparency its con- 
tinuity. At prefent we have likewife room to 
f ondude, that the intenfity and propagation 
of heat attends the compaftnefs of matter, 
^nd that a defeft and interruption thereof, 
9i:e the confequence of pores ; whence we 
fee that th^fe cpnconiitants of the folar efiii* 
fions, to wit^ heat and light, are alike af- 
feded by the fabrication and context of bo- 
. dy. Where bodies are moft denfe and con- 
tinuous, both are moft powerful in their re- 
spective operations; but when bodies are 
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y^c^ ibfify qVWiitics we weak. For tljcy ate 
))pth interrupted l;^y pores and vacyities^ 
wjiich pprh^p^ affect thqm alike. 

j^d indeed nothing is more confonaat to 
the nature of things, than that the quaKties 

of tlie £mnp jubilance ibould in like circum- 

_ » 

.ftances be alike afieded ; for neither can fub- 
(Uk pr aft without its fubftance ; con&quent- 
ly> whece there is a vacuum, or a fpace 
void of this fubftance, it fhould be void of 
its qualities ; but where this fubftance exifts^ 
there its qualities &ould alio fubfift, provided 
tfadr caufe of excitation (whatever that be) 
9iQi QU the iubfiance. Since, then, the 
iub^aoce of light is contextured with the 
Other component matters of bodies, and, as 
^^lia:^e (een, intimately blended in the moft 
nun^^te. Ji^mina thereof^ its qualities, when 
d;uly drcumftanced to excite fenfation, wiU 
bftmoft £ttf:cil>le in the moft compad bodies, 
wheccthis l^ihfiaqce is moft condenied, and 

y^ powerfol in rarer bodies, where this fub- 

'i -- 

fiance is not Ua compad^ But in vacua 
ihefe qualities Ihould not fubfift at all, ex- 
cept indeed in vacant fpaces, whicL are very 
fmall, as the pores of bodies j for the fpecies 
: iffuing from the furrpunding folids^ or par- 
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titions may then iupport thefe qualities in 

,j '•% ' « '' , ... ^ ~^ f, ^i ^^ * 

the interfaces ; as we fee the inflammable 
matter, or fiery fpecics ifluing from coals 
or other fuel on a fire taufe heat and light 
in their pores and the intervals between 
^hem. 

However as we difcover in thefe fpace^ 
and m bodies, fometimes heat without light, 
alfo li&cht without heat, and are certain tiiat 
the fubftance of fire is a CQncr<;t^ in, every/ 
body, though it iKould not ediibit cither i 
it follows, that either the excitation or fen- 
fibility of thefe ulter-qualities depends alfo 
on other circumlt^nces not hitherto obferved. 
wherein there may be a fimilarity, but where- 
in alio there may be a cnaraderiftical peculi- 
arity ; thus, for inftance, we have already 
difcpvered a fimilarity between them, in as 
much as denfity contributes to the vigour of 
both ; and we have alfo perceived a peculiarity^ 
in the necefiity of a continuous texture for 
the propagation of light, which. is not found 
fo neceuary for the communication of heat. 
But it muft be obferved. that it is only the 
circumfl^ances which regard light that arc 
Jicfe the objeft of inveftigation* 


jt. 
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Wc have already fecn the inconfiftcncy of 
attributing a projcftile motion to light, and 
our obfervations on that fubjeft have opened 
to us the real mode of its propagation from 
the fun. As to its tranfmiffion through dia- 
phanous bodies, we have an abfolute certainty 
that it is not efFefted by a real tranfition of 
the luminous fpecies through their pores ; it 
is alfo certain, that light does not find a paf- 
iage through the folid matter of thofe bo- 
dies, thai being inconfiftent with the nature 
of matter: and fiirtherfeeingthat bodies which 
incorporate moft of the fubftance of light, 
cateris paribus^ tranlmit it beft ; we muft 
upon the whole conclude, that there is not 
any peryafion at all of the rpattcr of light 
through filch boclies ; but that the light, 
which they exhibit, and which occafions the 
jphaenomena of tranfparency, muft be that 
contextured throughout their confiitution in 
the form of etaftic matter. This fubftance, 
though a concrete in all bodies, is latent, 
tjntil revived by the lively adion of light or 
flame, whofe luminous efiufions quicken its 
own quality in this matter of its own nature 
contextured in a body, when furrounded by, 
or immerfcd in light ; juft as we find that the 
quality of heat is revived in the fiery mat- 
^er, which lies dormant in the compofition 


T R A N S P A R E N C Y. 381 

of iron or other bodies, whea thefe bodies 
are iinmerfed in, or aded upon by a living fire. 

But .to comprehend this, we muft again 
take notice that the body of light, which fills 
the folar fphere of illumination flowing from 
him in erbeniy is a continuum ptefent in all 
parts of that fpace, except where intercepted 
by an opake body ; and that an eye in any 
part of that expanfe to the bounds of light 
&all fee the fun the very inftant it is turned 
thereto ; becaufe the folar beam, /. e. the 
beam that (lands between the eys and the fun, 
being a contintium in fubftance and in con- 
tad with both, muft affc<a the one, while it 
is urged by the other, though it were of a 
length indefinite, until fenfation is loft in 
one, or aftion in the other ; fo that, while the 
fiin retains its vigour, it ihall be prefent to 
Hsvery fcnfible eye that is turned to it* Con- 
fequently that beam or ray of light muft ever 
he the inftantaneous agent of vifion, whild 
the continuity and tenfion of its matter are 
preferved, and an unyielding Contaft of its 
fpecies is continued. Now this unyielding 
conta<a is held up by the matter of glafe and 
of other diaphanous bodies, whofe chief 
concrete is the matter of Hght, therein com* 
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pi&td in t&e ftate of a poreldTs contfexttire 
aiia Boniogclbcous contihiiity. The latent 
^ quality of this luminous fubftance is revived 
afiM «<ilted Ky the i^oh, which the JinAient 
ITglft mielves froiii (he fdtar etfufitths; juft 
aS Beat fs excited in a body by fiiie, or simbieht 
lidit, without ahy accbffidn dr pSrvafioh df 
tbfe Cat matt<* <3iat aflBs fipoii the Htatca 
Bo% ; tod its a bddy ifted upoh by a vio- 
lent Kelt, ifeWcli exdt6Si in all parts its ihnafe 
ftesv S^pcai-s itfeff to Be a bbdy of ihtenfe 
filfe 5 ib tftis pbfelefe homogeneous body, uni- 
veififlTy iibpreghal^ed vn\h lumiiious matter * 
wilhbiit any acceSion or perVafion of the fur- 
roliiiding light, appiretidy Becomes i coin- 
pSjfitea part thereof, and through its con til 
ntiity alid cdrrefpoidciice d? adion, fotitis^ 
in reality, a part 6f t^e vlfiial bekm, flahciihg 
lit that dfirefltori bfetweeti the fiih or obj^d 
it coiAes from ahd the eye. Vox >^lifch rija- 
fofit phft6i5p!icrt knowing tlie firmheifs of gla'fi . 
bf th6 tbirch, and imagining that light flies 
offliSfe graitis of ffidt fronfi the fiiti, frame 

a'libtibii of iw pfere^; ahd'fiipi)ofe a real triri- 

fiaoh d? li^ht thorough' dia^hahoiis b6di6s. 

mi we are affiired of tic continuity of 

• *. . • . • ' ' ' ' 

trahfparerit bodies, as glafs, diamond, &c. 
we alfo find that others only become tranfpa- 
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I'cne, i*Ti6tf tkctf fsbres are fifrecl witfi luicl 
fdtjSaht^, "i^filcii' fbnder thefe iottics in 
attjki'fe Iif«Wo]g8Wdi^s alidfcbiiGntiousi for 
ihfta^Cfei p^8i^ wftii oil, air wlH tKe master 
cif %hf, the c/culiu rftdncfi \^itii water : be- 
fid6sr w6 kno^O- from tKe rialiirc of KriKt; 
thiitit is on its cohfiriiiity and tenCon tHat 
iiMft^lfan^btls vifibn depiehds ; bccaufe liy tfiis' 
mclatis any a'ftioti at ofie end 6t the lumiidbiiis 
beam that inMnt' excites fenfatibri at tlie 
otter, by a prdtninbn of the whole elafiic, 
cOtitittUOu^, aiid uiiyieldiiig liody 6i lijglit 
ttiat ititlervenes. From all which* we kiiow, 
that die tranifjjai^erit body, being continuous 
atid'of a^luiiiill6ti^ natiii^Vfromtiic quantity 
of that fubftarice* coWpkaed arid'bleiided in it) 
i^ no fcioner ihittterlfed in, or pliced in contaA' 
with the flowifag aiid viVid'niattex of tKe fiiii 
or ahy other luinihoUs body, than it is itfctf 
revived- to the quality of a vifiial agent, lie. 
com^s^capable oit tranfiiiittirig the'fenfation, 
anti forms i pArt of that: continiious beam, 
wlidfe' aAion oh tKe eye produces vifion. 

B^t on" the other hand, when the body is 
cbtfipoicd of undigefted heterogeneous matl 
ters, not ^elaborated' to a ftate of continuity, 
but in the grofs form of pores and particles j 
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here a continuation of the vifual beam » 
iateiTupted by the pores, for want of a conti- 
nuity and tenfion of the luminous matter 
throughout the body ; and confequently it* 
adion is alfo interrupted, fo that the vivid 
quality for want of a continuity of fub- 
ftance ceafes and is refleded, as appears in 
the experiments before cited, for which 
reafon (uch bodies are not tranfparent, 
but opake. Now. a body of this texture 
will be an obftacle to the vifion of any 
body that impels light, whether by efiufioa 
or reflection, whenever it is in a right line 
between fuch luminous body and the eye ; 
for the a£Uon of light is redilineal and it 
has no power to change its direftion from that 
of the impulfe, which one end of the beam 
receives from the body that urges it; there- 
fore, when thus interrupted, a ihadow arifes 
behind the interceding body, which denotes 
its opacity. The protruding body, if lumi- 
nous^ a£b upon the beam of light by the efftl- 
lion of new-bora fpecies ; but, if opake, or re- 
:fle6kivc, it urges the vifual beam only by a ire- 
adion, which arifes therein by the adion of 
light, which prefles againft it : and this pref- 
fure arifes in the matter of light by the flow- 


<^-.; 
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ing motion it receive from the eSbifiag 
body. 

Nowy fince the whole fphexical fpace itttt- 
minated by the fun is rq)kte with a cou^- 
nuous body of light ever flowing tkx» m 
0rbm^ and e^ar retaining its propel' dqp:'ee 
of tenfion, vivacity a&d intenfity^ accord- 
ing to the diftanc^ of its fpecies, from the 
fonrce "of its generation and a<^n^ afiy body 
immerfed dierein will be a€^ed ufKHi by tbe 
force of thefe powers ; and if the iminer&d 
body be in fubfiance a continuum, when fo 
excited and illuminated, it fliall apparently 
tranfmit the light and be tranfpicuous,as if it 
were a compaded part of the luminous ef- 
fufions, wherein it is immerfed. But if Uie 
immerfed body be porous and heterogeneous^ 
it will abforb or refled it, fo as to caufe a 
Ihadow on one fide and fuch a reaAion to the 
motion of light on every other fi<fe ^s will in- 
duce a preflure that affects the eye, though not 
fo fenfibly as the forcible protrufion aiifing 
from the dired efiufions of a luminous body. 
Thus then the flowing luminous matter 
which has entered our atmofphere is reflefted 
to us from all parts thereof prefent to the 
fun; and its vivacity is held up by the aftion 

Bb 
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and tenfion of tHc emanating fpecics, fo that 
all that part of the atmofphere thus admit- 
ting and xcflefting light, muft be fenfible to 
every eye opened in that hemii^here, as long 
as the continuity of this luminous fubftance 
remains uninterrupted. This continuity, a5 
was obferved, is only interrupted by grofs 
porous and heterogeneous bodies, which, as 
before explained, are unfit to continue the 
tenfion and action of the light, which comes 
upon them, both on account of their in- 
fufficiency of lunpiinous matter, and of their 
pores which relax the vifua] beam, and induce 
a y^elding^ whereby the continuous preffure is 
inteirrupted. But ^though fuch bodies, for 
jthe reafons afligned, are not tranfpicuous, 
yet they ar^ confpicuous on account of the 
readion above explained. And fince the 
^cp;qifpicupufnefs of HX bodies is as the quan- 
tities pf light they effufe or reflcft, and the 
aftiox^pf light on evciYbody is according to 
its intenfity and ^ireftion, when in contadk 
therewith;, it follows, that a diaphanous body 
fliould ^ual in brilliancy or ftrength, the 
light in contAi^ft >ith it, whether it be day- 
light or twilight, jiipon or ftar-light ;' the 
light in water pr in die atmorphere, or that 
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of a candle or of a glow-worm, &c. all which 
we experience by looking through glafs 
during any of thofe lights* 

He that will ftill maintain the porous tranf- 
million, (hould i^ow point put how all this 
can be efledted by pores : or rather firft, on 
what pretence pores can be attributed to 
gkds, in which no experiment or contrivance 
has yet difcovered any : an^ if this means 
of tranfmiifion were granted, he would ftiU 
have to explain how the twilight, ftar-light, 
or that of a glow-worm gain fuch force and 
propenlity as to effed a pafiage through glais 
to the eye, and how the: opake bodies which 
are feen by thefe lights, are made vifible 
through glafs. This is inexplicable by any 
other means, except by the revival of the fiib- 
ftance of the fame nature contextured in the 
glafs or tranfparent body, which is excited to 
illumination, as the ignious concrete in bo- 
dies, is excited to heat from the fire, in which 
it lies, or with which it is placed in contad:. 
And as this heat will be of the fame degree 
of that wherein it lies, fo will the light of a 
tranfparent body be excited to the degree of 
the ambient light. And as the metal bar 
communicates at one end the heat it has con« 
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the fire through it, fo the tran4>an5tit body 
propagates • the action of light, without aiiy 
pervafion of that fubflance through it. As 
feo the flomr pffogrofs of heat, it is a fiihjeft 
diftin& £rom the porafiEvit. 

ft 

fi^Luy other ua&irmountable difficufoies 
IkouldrdbSD be feh^ed by t^ abettors of the 
£ime epinian; as, for iuilant^y how parti- 
cles affe ihot from the ftars throu^ our at- 
maSphefei itkxMx^ ^xrater, and through gla^ ; 
ftMTthey* aw vifiMe through thefe fnecfiui^i 
Tbfen Jiow the pores of diefe three bodias^ 
l9ie one fiim, the. otSters fluid, are brought 
into right lines-? lliirdly, how the pores of 
the eye, whidt fees &ofe objeSs through 
adl diefe tran^arent bodies, f<a#l again into 
tie 'direftion of the forcmcirtioned pores^ 
Without any cofitiwitnce of th:e bbfcrver ; 
for the pupil is not aft aperture ? This ludcy 
eorrd^ondence of pores and psurtides to pro- 
itoce vifion, is only to be equalled by the 
^od fortune of Epicurus's atoms in jum- 
bUng out the univcrfe/ 
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End of the First Part. 


